


THE BEST OF BOTH 
The pacesetting I C - R W  truly reflects 

ICOM's long-term commitment to excellence. 
This sin le-cabinet receiver covers both local 
area VH!/IIHF and worldwide MWHF 
bands. It's a natural first choice for elaborate 
communications centers, professional service 
facilities and serious home setups alike. Test- 
tune ICOM's IC-RWK) and experience a 
totally new dimension in top-of-the-line 
receiver performance! 
hnplrte Cmmvnkatibm Receiver. Covers 
IOOKHz to 1!199.XMHz, all modes, all 

GaAsFETs in VHF and upper frequency 
bands. Exceptionally high sensitivity, 
intermod immunitv and frequency stability 
in all ranges. 
H1hfi-F~~wc6n kve Inch CRT. Displays 
irrtlurncies, mcdes, memory contents, 

operator-entered notes and function menus. 
Features a subdis lay area for nnted modes R such as  RTTY, S OR and PA KET 
(external T.U. required). 

e 
fpemum Scope. Indicates all signal activities 
withln a +/.25,50 or 1C)OKHz range of your 
tuned frequency. It's ideal for spotting 
random signals that pass unnoticed with 
ordinary monitoring receivers. 
1000 Multi-Fvmtion lbndes. Store 
frequencies, motles, and tuning steps. 
Includes an editor for moving contents 
between memones, plus an on-screen 
notepad for all memory locations. 
Eiiht kanning Modes. Includes programmable 
I ~ m ~ t s ,  automalli' frequency and t~me-mark 
storage of scanned s~gnals,  full, restricted or 
mode-selected memory scannlng, p r ~ o r ~ t y  
channel watch, volce-sense scannlng and 
scannlng a >electable w ~ d t h  around your 
tuned frequclncy Absolutely the last word In 
full spectrum man~torlng. 
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Prof* Qudityfi+. The revolutionary 
IC.RYI00 features IF Shift, IF Notch, a fulk 
adjustable noise blanker, and more. The Dlrect 
Digital Synthesizer assures the widest dynamic 
range, lowest noise and rapid scanning. Desi ed 

bv a full one-year warranty at any onepf 
f" for dependable long-term performance. Rac ed 

1COM's four North American Service Centers! 

ICOM 
First in Communications 
ICOM Amerlca, lnc ,2380-1 16th Ave N E . Belleviie WA 98004 
Customer Service Hotline (206) 454-7619 
3150 Prern~er Dr~ve, Su9e 126. lrv~ng, TX 75063 
1777 Phoen~x Parkway Su~te 201, Atlanta. GA 30349 
lCOM CANADA. A Dlv~sion of lCOM Arnwlca, Inc . 
3071 - 05 Road, Unll9. Rlchrnond, BC V6X 2T4 Canada 
All smlea spvLcali0ns arp suqw lo rhangp w~moul nolee o on18aal~w All COM 
raflns ng, 1,carl.u ~rceed F(C yu alwts m l n g  splnrur p m l l w r ~ <  W R R  



If You Want the Most Advanced TNC Today ... 
I n  26 count r ies  around the world, tens of 

thousands of amateurs know that Kantronics 
is the leader in bringing tomorrow's technology 
to their stations today. They also know they will 
always be among the first to incorporate jus$- 
introduced features and modes with Kantronics 
software and firmware updates. 

And, they know that Kantronics is unique in its 
ability to seek out, develop and incorporate the 
most advanced features into each of five 
different TNC models before anyone else. 
Why? Because every program Kantronics 
writes, and every unit Kantronics designs and 
produces are born right here at the factory in 
the U.S.A. 

Meet  Your Mai lman 

I n  this age of telco LANS, E-mail and FAX, 

connect. So save your computer and monitor 
life by turning them off when you are away, and 
never miss a beat on the airwaves. 

Version 2.85 KAMs have increased Packet 
clusterm compatibility, KA-NODE'" path pres- 
ervation, KA-NODE recognition of the "NET" 
nodes and H F  baud rates from 50 through 300! 
And there are three new mailbox commands: 
List Mine, Read Mine and Ell Mine. 

and Tomorrow ... 
Will the  Real Dual-Port 
Please Stand Up? 

R e a d  our lips. The KAM'" is the only true 
dual- port when it comes to packet. Your 

Personal Packet   ail box'" is accessible from 
both H F  and VHF! Version 2.85 has dual-port 
compatibility with RLIIMBL boards and KISS 
mode for both ports. You can monitor H F  and 
VHF packet operations at the same time. 
Users can even gateway from H F  to VHF (or 
in reverse) through your KAM. 

Kantronics AII- ode" (KAM) has Packet, 
WEFAX, ARQ, FEC, RTTY and CW recep- 

PBBS is just one of the firsts Kantronics delivered. tion. But we have five models to suit your par- 
ticular taste. Ask your dealer for the best 

you will know you have mail in your Personal choice today ... and tomorrow. 
Packet Mailbox'" when vour KAM "STA LED 
is blinking. New firmware level 2.85 has also 
added a handy automatic mailbox user- 

IKZ Kantronics 
H i  D , ~ t a  C o m m u n l c a t ~ o n s  S p e c l a l l s t s  

Packet Cluster" is the copyrighted software of Pavillion Software 
KAM". All-Mode'-. KA-NODE". and Personal Packet Mailbox'-. 

are trademarks of Kantronics Company. Inc. 

1202 E. 23rd Street Lawrence. Kansas 66046 
(913) 842-7745 
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Somewhere Over the Horizon (radar, that is) 

Though it has long been one of the most insidious of the co-inhabitants of the Amateur bands, over-the-horizon (OTH) 
radar is also one of the most fascinating technologies in the field of electronics. There are few Amateurs, anywhere, 
who haven't had at least one run-in with the infamous Russian Woodpecker. But did you know that the United States, 
Australia, and Canada have working systems and such systems may be in the (Jevelopmental stages in other countries? 

Bryan Bergeron, NUIN, has written a well-documented piece on OTH radar. It appears as our feature article this 
month. It's interesting to note that this technology has a number of different uses. From peaceful applications like deter- 
mining wind and wave conditions over the oceans to searching the skies and seas for potential military threats, OTH 
radars are very powerful tools. 

Bergeron pointsout the significant potential for interference created by OT'H systems. However, those in the United 
States have been carefully designed to minimize or eliminate this problem. And, overall, there have been few if any 
complaints generated by the U.S. systems in use today. 

The computers that control U.S. OTH radars are preprogrammed to operate over a spectrum selected to reduce 
harmful interference to Amateur, broadcast, and fixed service communictitions. These radars can also listen in on 
specific frequency ranges before transmitting, to determine if there is a poterltial for interference. And if the frequency 
is in use, the system searches for another usable spot. 

Many of the advances in digital signal processing have come as a direct result of OTH radar development. Com- 
puters are the single most critical ingredients of afunctioning OTH radar system. The complexity of the return signal 
can't be processed in the same manner as a more conventional line-of-sight radar. In fact, World War II radar opera- 
tors would marvel at the differences between today's OTH radar and their old PPI (cathode ray tube) displays!* 

Additional advances have been made in the scientific study of our ionosphere and radio wave propagation. In order 
to maximize OTH efficiency, transmissions must be made near the maximun ~~sablefrequency(MUF). Taking the input 
from various sources, the OTH radar's transmitter frequency varies continuously depending on the best propaga- 
tion path. 

Finally, the United States has extensive and stringent environmental impact study regulations for radar that must 
be met before an operational license can be granted. 

Defense has been the prime mover behind developmental work in OTH technology and hams have benefited from 
much of the work that has been done. I'm sure you'll find Bergeron'sarticle fascinating reading. Perhaps you'll want 
to lookat many of the references he's listed. Most should beavailable from your local library, through inter-library loans, 
or at the libraries of local colleges or universities. 

* A Race on the Edge of Time by David E. Fisher, Ph.D. is afascinating lookat the development of radar. It's interesting 
to compare the OTH technology of the eighties to the "Chain Home" Brit~sh radar that operated between 25 and 
30 Mcsat the beginning of World War II. It's mind boggling when you contrast what was done then with what we are 
doing now! (If you'd like to read this book, it's available from the HAM RADIO Bookstore for $19.95 plus $3.75 ship- 
ping and handling. 
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AM is alive and well 
Dear HR 

I would like to take umbrage at the 
remark made by Bill Orr in the Decem- 
ber issue, "Too bad the days of ampli- 
tude modulation are past 2 They are 
not! If Bill would listen in his own back 
yard (California) he would find that AM 
operation is rampant. The SPAM (So- 
ciety for the promotion of Amplitude 
Modulation) is headed by WB6TRQ in 
California. The NCS for the regular 
Wednesday night activity is W6RNC on 
3870. Saturday evenings AM is on 
7160. Almost every day that the band 
is open on 10 meters AM congregates 
around 29.000. 

Besides the usual Johnson Rangers, 
Vikings, and Valiants, there are quite a 
few Collins KW-1 transmitters on the air: 
WGHDU, W71SX, W7GC0, W8AHC, 
and WA3PUN. 

QST has made similar snide remarks 
about AM. I hope you will not permit 
your writers to do the same again. 

Byron H. Kretzman, W2JTPl7, 
Woodinville, Washington 

W2JTPD is the author of The New 
RTTY Handbook (CQ Publishing 
Group, out of print), the definitive book 
on $reen key" RTTY operation. Ed. 

First choice 
Dear HR 

This is my first year with Ham Radio 
magazine: what a blessing, what a 
change! I've seen early printings, 
which were fine reading. This "new" 
magazine is by far the best. I subscribe 
to others. This is the pick of the litter. 
Please keep up the excellent work. All 
your staff have shown us a super 
magazine, and I am sure of more great 
things in the future. 

Congratulations to all. 
V. L. Henzel, WB'IQBE, 

Richland, Washington 

Must be a duck 
Dear HR 

We live in a real world. So quack, 
quack, quack. How quickly we forget. 

OMB Director Darman stated to 
Congress: "If it looks like a duck, walk; 
and talks like a duck, then it's a duck." 

Take any time-worn political 
doublespeak like "revenue enhance- 
ment" and it still quacks like a tax duck.. 
A tax by any other name like "user fee" 
is still a tax. Why try to convince any 
Congressional tax writing staff member 
of the extraordinary contributions of 
Amateur Radio over the past 70 years'? 
When push comes to shove, the bot- 
tom line is the paranoid frenzy to get 
bucks - any way, any form, any pre- 
tense. We shall have user fees. So: 
"Read my lips, no new taxes" and be 
happy you are only paying user fees 
for licenses; of course this is not a tax! 

As was stated a very long time ago 
in our history, the only time that per- 
son and property are safe is when 
Congress is not in session. 

Gene Shapiro, WODLQ, 
Prairie Village, Kansas 

Pet peeve 
Dear HR 

The "new" Ham Radio is great. Best 
wishes for continued success. 

I'd like to air a pet peeve: Generalsand 
above on the 28.3 to 28.5 MHz band.. . 

I, and other Novjcesand Technidans, 
get run off the band every day by these 
operators. Yesterday was a perfect 
example: an Extra class running 500 

watts, splattering over 5 kHz each way 
for three hours. You Generals, 
Advanced, and Extras can run 1500 
watts and talk all over the bands; us 
''little guys" are limited to just 28.3 to 28.5 
MHz and 200 watts PEP. 

I think it's rude, inconsiderate, and not 
in the ham spirit for you big strappers to 
operate on the only 10-meter voice 
spectrum available to us. Yes, you are 
qualified to work there - that isn't the 
point. We'd love to work 29 MHz FM - 
that's out of band for us. How about 
taking your Iinearsand privilegessome- 
where else? 

Mike Gleeson, NGSWA, 
San Diego, California 

Advice needed! 
Dear HR 

I am about to attempt an amateur 
R/C airplane project, and could cer- 
tainly use some expert advice from any 
hams out there who have experience 
with homebrew radio control or TNC 
projects. I would be happy to hear from 
anyone with related interests. 

Dave Ewen, NBKET, 
4818 New Jersey #203, 
Wichita, Kansas 67210 

Summer conference 
planned 
Dear HR 

The Central States VHF Society con- 
ference will be held in Wichita, Kansas 
during July of 1990. We are currently 
seeking technical programs to be 
presented at the conference. Programs 
can range from 15 minutes for a simple 
hint to 1 hour for a complete project. 
Persons wishing to present material at 
the conference should contact Jon 
Jones, N00Y, 1116 Gatewood Court, 
Wichita, Kansas 67206 or John Lock, 
KFBM, 1427 S. St. Clair, Wichita, 
Kansas 67213. 

John Lock, KFOM, 
Wichita, Kansas 
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/- -. ---- /-- 
- '--Multiple scanning functions. Memory 

channel lock-out 1s also prov~ded 
High stability VFO. The dual d~g~tal VFOs . ALT-Automatic Lock ~ ~ ~ i ~ ~ - ~ ~  ,200 Satellite Transceiver feature rock stable TCXO (temperature com- MHz eliminates drlfil 

pensated crystal oscillator) c~rcultry, w~th 
The new Kenwood TS-790AVHF/UHFall- frequency stablllty of -+3 ppm 

500 Hz CW filter built-in. 
mode tri-band transceiver is  designed Packet radio connector. 
for the VHF/UHF and satellite ''power Operates on 13.8 VDC. Perfect for Interference reductton controls: 10 dB 
user; The new TS-790A is an all-mode DXprdltronsl RF ,illenuator on 7n1, IIOIS? blanker, IF shlft. 
144/450/1200 MHz transceiver with The mode switches confirm USB. LSB, sel~ctable AGC, all mode squelch 
manv s ~ e c i a l  enhancements such as CW, or FM select~on with Morse Code. Other useful controls: RF power output 
automatic uplink/downlink tracking. Dual Watch allows reception of two control. speech processor, dual mutlng. 
Other features include dual receive, bands at the same time. frequency lock sw~tch. RIT 
automatic mode selection, automatic Automatic mode and automatic Voice synthesizer option. 
repeater offset selection for FM repeater re~ea te r  offset selection. Computer control option. 
use,VFO or quick step channel tuning, ~ i ~ ~ ~ t  keyboard frequency entry. Optional Accessories: 
direct keyboard frequency entry, 59 PS-31 Power supply SP-31 External speaker 
memory channels (10 channels for sep- 59 multi-function channels. UT-10 1200 MHz modulrx- VS-2 Volce synthestzer 
arate receive and transmit frequency Store frequency, mode. tone lnformatlon, un~t TSU-5 Programmable CTCSS decoder 

storage,, multiple scanning and multiple offset, and qulck step function. Ten memory IF-232Ccomp~l~r tntcrtace* MC-60AIMC-80/ 

scan stop modes.The Automatic Lock lor "Odd split' MC-85 Desk mlcs* HS-5/HS-6 He;~dphonc>s 

Tuninq (ALT) on 1200 MHz eliminates . CTC-S encoder built-in. optional ~ ~ u . 5  MC-43s Hand mlc- PG-2s 13C cable 

frequency drift. Power output is 45 watts enables sub-tone decode. 
on 144 MHz, 40 watts on 450 MHz, and Memory scroll function. Thls feature 
10 watts on 1200 MHz. (The 1200 MHz allows you to check memory contents 
section is an optional module.) without chang~ng the VFO frequency. KENWOOD 

KENWOOD U.S.A CORPORATION 
COMMUNICATIONS & TEST EQUIPMENT GROUP 
PO t30X 22715.2701 F. Domtng~~e7 Strccl 
Long Rencn. CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
PO BOX 1075, '359 Gane Court 
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BEST OF MFJ 
1 MFJ, Bencher and Curtis team up to bring you America's most popular 
keyer in a compact package for smooth easy CW 

The best of all CW world's -- a deluxe MFJ Kever uslnq a Curt~s 8044ABM 
ch~p In a compact package that fits right on the Bencher-iambic paddle! 

This MFJ Keyer IS small in size but big In features. you get ~amb~c keying. 
ad'ustable weight and tone and front panel volume and speed controls (8-50 
w ~ M ) ,  dot-dash memories, speaker, s~detone and push button select~on of 
automatic or semi-automaticl tune modes. It's also totally RF proof and has 
ultra-reliable solid state outputs that key both tube and solid state rigs. Use 9 
volt battery or 110 VAC with MFJ-1305. $12.95. 

The keyer mounts on a Bencher paddle to form a small (4-118 x 2-518 x 5% 
inches) attractive combinat~on that is a pleasure to look at and use. 

The Bencher paddle has adjustable gold plated silver contacts, lucite paddles, 
chrome plated brass and a heavy steel base w~th  non-skid feet. 

You can buy just the keyer assembly. MFJ-422BX. for only $79.95 to mount 
on vour Bencher oaddle. 

Deluxe 300 W Tuner I MFJ Coax Antenna Switches I 

MFJ-9490 1s the world's 
MFJ-9490 most popular 300 watt PEP ' 149" tuner. It covers 1 .8-30 MHz 

E ives you a new peak and average read~ng 
ross-Needle SWRIWattmeter, built-~n 

dummy load. 6 pos~tion antenna switch 
and 4 : l  balun -- In a compact 10 x 3 x 7 
inch cabinet. Meter lamp uses 12 VDC or 
110 VAC with MFJ-1312, $12.95. 
Antenna Bridge l;"g6 

Now you can quickly 
optlm~ze your antenna for 
peak performance w~th  this 
portable, totally self- 
contamed antenna bridge. 

No other equipment 
needed -- take it to your 
antenna site. Determine if 
your antenna is too long or 
too short, measure its 
resonate frequency and 
antenna res~stance to 500 
ohms. It's the easiest, most 
conven~ent way to determine 
antenna performance. Built in resistance 
br~dge, null meter, tunable oscillator- 
dr~ve 1.8-30 MHz). Use 9 V battery or 
110 $C with AC adapter. $12.95 

SuperActive Antenna 
"World Radio TY Handbook" says 

MFJ-1024 is a "first rate easy-to-operate 
active antenna ... quiet ... excellent 
dynam~c range ... good gain ... very low 

broad f!equency coverage ... 
,"if:l&t cho~ce. 

attenuator, gain control, ON 
LED. Swtich two receivers and 
aux. or active antenna.6~3~5 in. 

50 fi, coax and 
connector. 3 x 2 ~ 4  

M F J . I O ~ ~ S ~ ~ ~ ~ ~  MFJ-1312, $12.95. 

VHF SWRMlattmeter 
MFJ-8120 

Covers 2 
Meters and 
220 MHz. 30 or 300 Watt scales Also 
reads relative f~eld strength 1-170 MHz 
and SWR above 14 MHz 4l/zx2l/4x3 In. 

Select any of several antennas from your operating desk with these MFJ 
Coax Sw~tches. They feature mountln holes and automat~c rounding of 
unused terminals. They come w~th  M!J's one year uncondit!onal guarantee. 
MFJ-1701, $34.95. Six position antenna switch. SO-239 connectors. 50-75 
ohm loads. 2 KW PEP, 1 KW CW. Black alum. cabinet 10x3x11h Inches. 
MFJ-17026. $21.95. 2 posltlons plus new Center Ground. 2.5 KW PEP. 1 K\AI 
CW. lnsert~on loss below .2 dB. 50 dB isolat~on at 450 MHz. 50ohm. 3 x 2 ~ 2  in 
MFJ-1704, $59.95. 4 posit~on cavlty sw~tch w~th lightenin lsurge protection 
dev~ce. Center ground. 2.5 KW PEP. 1 KW CW. Low S W ~ .  Isolation better 
than 50 dB at 500 MHz. Negl~gible loss. 50 ohm. 6%~4~!4xll/4 In. 

"Dry" Dummy Loads for HFIVHFIUHF 

-- 
MFJ has a full l~ne of dummy loads to su~t your needs Use a dummy load 

for tunlng to reduce needless (and Illegal) ORM and save your f~nals 
MFJ-2606. $28 95 VHFIHF Air cooled, non-~nduct~ve 50 ohm resistor. SO-23 

12/24 Hour LCD Clocks - @m I 
1 gs5ul 3 . 1 0 ~ ~  $9" MFJ-107B 

Huge 518 inch bold LCD d~gits let you 
see the t~me from anywhere ~n your 
shack Choose from the dual clock that 
has separate UTCllocal time display or the 
s~ngle 24 hour ham clock. 

Mounted in a brushed aluminum frame. 
Easy to set. The world's most popular 
ham clocks for accurate logs. MFJ-lO8B 
41hxlx2:MFJ-l07B 2%xlx2 in. 

Cross-Needle :',;:= 
SWRMlattmeter .- - 

tion! l i  shows you SWR forward and 
reflected power ~n 20001500 and 200150 
watt ranges. Covers 1 8-30 MHz. 

Mechanical zero adjusts for movement. 
SO-239 connectors. Lamp uses 12 VDC 
or 110 VAC with MFJ-1312. 512.95. 

connector.'~andles 300 Watts. Run full load for 30 seconds, deratlng curve to 
5 m~nutes. SWR less than 1.3:l to 30 MHz. 1.5:l to 150 MHz. 2Ihx2l/zx7 in. 
MFJ-262, $69.95. HF.l KW. SWR less than 1.5:l to 30 MHz. 3x3~13 in. 
MFJ-264, $109.95. Versatile UHFNHFIHF 1.5 KW load. Low SWR to 650 
MHz, usable to 750 MHz. Run 100 watts for 10 minutes, 1500 watts for 10 

' 

seconds. SWR is 1.1:l to 30 MHz, below 1.3:l to 650 MHz. 3 x 3 ~ 7  inches. 
se 

MFJ Theory Tutor practically guarantees you'll pass 
the theory par1 of any FCC ham llcense exam. Versatile 
MFJ sottware 1s the besl computer tutor ever tallor-made 
tor ham radlo. You can study the entlre FCC questlon 
pool, selected areas and lake (or prtnt) sample tests. 
Auto. saves each study sesslon (ex. sample lestsi, gives 
YOU all FCC test graphlcs (ex. mono.). explanations 01 
hard questions, po up calculator, we~ghted scorlng 

,initlvs~s crllor c h , ~ ~ ~ g e  optlorl and more. order ~!~-1610-~ovlce: MFJ-1611-Tech.; 
MFJ 1612-Gen., MFJ 1613 Adv.. MFJ-1614-Ex. lor IBM compatible. For Mwln10sh:MFJ- 
1630-N. Mt.1 1631 T .  MFJ-1632-G. MFJ-1633-A: MFJ-1634-E. $29.95 per license class. 

MF J Speaker ~i~~ MFJ-284 or MFJ-286 

S2495  Q MFJ'scompact SpeakerIMics let you carry your HT on your 
belt and never have to remove it to monitor calls or talk. 

You get a wide range speaker and first-rate electret mic 
element for superb audio on both transmit and receive. 

Earphone jack, handy lapellpocket clip, PTT, l~ghtweight 
retractable cord. Gray. One year uncondltlonal guarantee. 

MFJ-284 fits ICOM, Yaesu. Santec. MFJ-286 f~ ts  Kenwood. 

MF J-1 278 ~ ~ l t i - ~ ~ d ~  ~~t~ controller 

Deluxe code practice 

has a Morse key and osc~llator un~t 
mounted toqether on a heavy steel base 
SO it Stays put on your table. Portable 
because 11 runs on a g-volt battery (not 
included) or an AC adapter ($12.95) that 
plugS Into a jack On the 'Ide. 

Earphone jack for Private practice. 
Tone and Volume controls for a wide 
range of sound. Speaker. Key has 
adjustable contacts and can be hooked to 

transmitter, sturdy, 8ihX2i/4X33/, in, 
MFJ850 AC Volt Monitor s1996 

Prevent damage to ng, 
computer or other gear. 
Mon~tor AC line voltage 
for potent~ally damaging 
power surge or brown out 
conditions. Expanded 9 5  
135 volt 2-color scale. Plugs into any AC 
outlet. 2% accuracy. 2%x2%x11/z ~ n .  
Nearest  DealerlOrders: 800-647-1800 

MFJ-1278 Use computer to transrnltl 
S 2 7 9 9 s  recelve In all 9 digital modes:. a . . , , MFJ ENTERPRISES, INC. 

Packet, AMTOR. ASCII, CW. Box 494, MISS State. MS 39762 

R W ,  FAX, SSTV, Contest Memory Keyer and Navtex, receive. ~ a s y - % a ~ l ~ ~  (601) 323-5869. FM.  (601) 323-6551 

Personal Mallbox, Built-~n pr~nter port, 20 LED tun~ng ~nd~cator. AC power 
supply,,tiost/~~SS, 32K RAM, ~ u ~ t i - g r a y  level FAXISSTV modem, cw key 
paddle jack and tons more. Opt~ons ~nclude 2400 baud modem (MFJ-2400, 
$79 95) and,software starter packs wlth computer cables, $24.95 each. for 
IBM compat~ble. Commodore 64:128. Mac~ntosh and VIC-20. 

TELD(: 53 4593 MFJ STKV 

One year unconditional guarantee . 30 day 
mOmy back guarantee (less slh) On Orders 
from MFJ Add $5 00 each slh FREEcatalog 

,MFJ . . . ma kin^ q u a l i ~  ajfonloble 
ila MFJ E n m r p k r ,  IK. 

# 172 



UNDERSTANDING 

A glimpse at 
how the other 
half lives 

By Bryan I? Bergeron, NUIN, 30 Gardner Road, 
Apartment IG, Brookline, Massachusetts 02146 

ave you ever wondered what the "Russian Wood- 
pecker" is really up to? Did you know that the 
United States has several woodpeckers of its own, 

and that several more are scheduled to begin operation 
in the near future on frequencies that could include the 
Amateur bands? I'd like to examine the source of one of 
the most bothersome signals on the HF bands: over-the- 
horizon (OTH) radar. 

Some radar fundamentals 
Before I get into the specifics of OTH radar, a brief review 

of some radar basics is in order. Radar, a term derived from 
the phrase RAdio Detection And Ranging, is based on the 
principle that RF pulses generated by a carefully timed 
transmitter are reflected by the objects they encounter. The 
time it takes for the reflected beam to return to the trans- 
mission site can be used to determine the distance or range 
of the object. Radio waves travel at the speed of light, about 
186,000 miles per second. For a target at a distance of 186 
miles, the round trip (2 x 186, or 372 miles) would take 
about 2,000 ps: 

18' = 2/1,000 sec = 2,000 pec (1) 
186,000 miles/sec 

Using this relationshtp, you can compute relative distances 
accurately for any given elapsed time. 

Because the frequency of the reflected signal is the same 
as that of the transmitted signal (assuming that there is no 
relative movement between the transmitter, receiver, and the 
reflecting object), the transmitter must be turned off for the 
receiver to detect the much weaker reflected signal. It follows, 
then, that most radar is pulsed. The transmitter sends out 
short intense pulses of energy with relatively long intervals 
between pulses, during which time the receiver is active 
(see Figure 1). When sufficient time has elapsed to permit 

reception of echoes from the most distant area under 
inspection, the transmitter sends out another pulse. For 
example, a radar with an interval of 2,000 ps between trans- 
mitted pulses would have a maximum range of 186 miles 
(Equation 1). Radar pulses vary from a few microseconds 
to several milliseconds in duration, with rates ranging from 
1 to a few hundred hertz. 

Trwnsrnllted Pulse8 

Tlms 

A pulsed radar system with targets (top) and the associated rela- 
tive amplitudes and time intervals (bottom). Each short transmit- 
ted pulse is followed by a relatively long interval during which the 
receiver is active. The smaller amplitude echos (A) are from the 
smaller and less reflective tree, while the larger amplitude echos 
(6) are a reflection from the mom distant but larger and more reflec- 
tive building. The round-trip time from the transmitter (T) to each 
object can be used to calculate the distance of each object from 
the transmitter and from eaGh other. 
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The strength and direction of a radar echo are functions 
of the size, distance, altitude, and composition of the object 
causing the reflection. In general, larger, closer, more reflec- 
tive objects produce stronger echoes or signatures. The 
effect of an object's composition on its reflectivity depends 
on the frequency used. For instance, the absorptive sur- 
face coating used on United States and Russian stealth air- 
craft, while effective at microwave frequencies, has little 
effect in the 3 to 30-MHz range! 

Anyone who has listened to transmissions from the 
OSCAR satellites can appreciate the effect that relative 
motion has on a radio transmission. The Doppler effect 
describes this apparent increase in frequency of a signal 
transmitted from a rapidly approaching object, as well as 
the apparent decrease in frequency of a signal transmitted 
from a rapidly retreating object. The apparent shift in fre- 
quency is a function of relative velocity. It doesn't matter 
if the transmitter is stationary and the object is moving, or 
vice versa; the effect is the same. The greater the relative 
velocity, the greater the shift in frequency. From the follow- 
ing equation 

Observed Frequency = 

actual frequency 
I - (relative vefocity/speed of light) (2) 

it's obvious that, for appreciable changes in the observed 
frequency, relative velocity must approach the speed of 
light.2 The Doppler shift associated with speeds approach- 
ing 20 or 30 miles per hour is only on the order of 0.1 Hz. 
To the dismay of many motorists, Doppler radar technology 
has been perfected to the point where relative velocities 
of this magnitude can be determined to within a few miles 
per hour. 

HF radar 
Many Amateurs have the impression that HF radar (radar 

operating in the 3 to 30 MHz range) is a recent develop- 
ment. However, although the majority of radars currently 
in use in the United States operate at UHF and beyond, 
the earliest radar units relied on HF signals.3 HF radars were 
used as early as the mid-1920s to measure the height of 
the ionosphere. The first operational military radar; the Chain 
Home system, installed by the British in 1938 to detect 
approaching bombers, operated at 25 to 30 MHz.4 This 
line-of-sight radar system operated in the HF spectrum 
simply because reliable microwave transmitters of sufficient 
power didn't exist. It wasn't until World War II that effective 
microwave systems, duplexers, and other technologies 
required for VHF, UHF, and microwave radar systems were 
developed. 

The first radars were good for determining range, but not 
direction. This was mainly due to the wide angle radiation 
beams provided by relatively small HF antenna systems. 
By decreasing the wavelength, it was possible to build 
antennas with narrow rotatable beams. These smaller and 
lighter narrow beam antennas were also more impervious 
to jamming because they were relatively insensitive to sig- 
nals other than those arriving head on. During World War 
11, the German HF radar system was easily jammed 
because of the wide beams of their receiving antennas. In 
comparison, the United States Aircraft Warning Radar 

system used 100 to 200-MHz signals, and Japanese bombers 
used radar operating at 200 MHz. These VHF systems, with 
their narrow beam antennas, were seldom jammed. 

Compared with early HF radar systems, today's UHF and 
microwave radars have several advantages: better support 
for weather observation; better low angle coverage; wider 
bandwidth for fewer problems with interference; narrow 
antenna beamwrdth for improved resolution; and smaller, 
lighter systems that can be easily mounted on aircraft, tanks, 
and ships.4 However, there continues to be a great deal of 
interest in HF radars - even those that operate as line-of- 
sight devices. HF systems are generally less expensive to 
build, have less critical antenna construction requirements, 
and suffer less interference from rain and insects than 
millimeter-wave radars. 

Conventional radars that use moderate power microwave 
signals are line-of-sight devices, which means that their 
maximum operating range is limited by the curvature of the 
earth. Although airborne radars can be used to monitor the 
oceans and remote locations, 24-hour operation of an air- 
borne system i:; expensive and may be impossible in 
inclement weather: There is currently a great deal of interest 
in OTH radar that uses high powered signals in the HF 
band, because these signals can propagate beyond the 
horizon and reflect from approaching aircraft and missiles. 

Over-the-horizon radar 
It's somewhat ironic that the very problems which ham- 

pered the widespread use of HF radar systems in the late 
1930s - namely interference from skywave propagated, 
long range backscatter echoes from the earth's surface - 
has lead to a renewed interest in HF systems. Today, armed 
with Doppler radar techniques and digital computer signal 
processing, the propagation and interference problems of 
the past can be addressed. 

Capabilities 
OTH systems provide a number of advantages over con- 

ventional radar. 'The most obvious is the great surveillance 
range they support, from 500 to over 5,000 miles. Also, 
unlike conventional radar, OTH can detect aircraft at any 
altitude between the earth's surface and the ionosphere.5 
OTH waves are also relatively undeterred by passive stealth 
techniques that operate at microwave frequencies, like 
smooth shaping and the coating of aircraft with RF absorb- 
ing materials. 

In addition to their absolute range, OTH systems are rated 
for their ability to resolve target range, angle, and velocity. 
For a single hop backscatter system, the range resolution 
is typically from 1-114 to 25 miles. Angular resolution, largely 
a function of antenna beamwidth, is typ~cally 30 miles at 
a range of 1,900 miles. Target velocity resolution, a func- 
tion of the operating frequency, is typically about 16 miles 
per hour at 25 MHz.6 

Although OTti is best suited for aircraft detection, it can 
also be designed to detect ships and ballistic missiles, or 
to provide information about wind and wave conditions over 
the oceans.5 An OTH system design is very target specific; 
it must be designed for the detection of either aircraft, ships, 
or missiles. The type of waveforms generated by the trans- 
mitter and the type of signal processing employed in the 
receiver system are highly target dependent. 
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OTH radar systems can be designed to operate in either forward 
or backscatter modes. In backscatter, pulses from the transmitter 
site (A) are reflected from the ionosphere (B). The earth's surface 
and targets, like missiles (C), reflect the radar pulses to the 
ionosphere (B) and to the transmitter site (A). In the forward Scat- 
ter systems, pulses from the transmitter (A) are also reflected from 
the ionosphere (8). However, in this system, the receiving antenna 
is located distal to the area of interest([)). 

Operation 
Like conventional radar, OTH systems use pulsed RF to 

illuminate a target area. A major difference between con- 
ventional and OTH systems - at least in backscatter sys- 
tems - is that the ionosphere affects both the transmitted 
and reflected signals (see Figure 2). OTH receiving systems 
rely heavily on digital signal processing technology. The 
composition of reflected radar signals, influenced by the 
surface of the earth and other objects that reflect HF sig- 
nals, must be preprocessed by high speed digital computer 
systems. Only then is the data suitable for display and 
inspection on a video terminal. 

Because OTH illuminates such a large portion of the 
earth's surface, land and sea echo (clutter) greatly over- 
shadows the returned signal from targets. The dominant 
source of clutter is the earth's surface. Irregularities on the 
land and sea, trees, undergrowth, rocky outcrops, buildings, 
power lines, and towers all contribute to clutter. Natural 
phenomena, like meteor trails and auroral and equatorial 
field irregularities, as well as ionospheric instability, add to 
the clutter! Luckily, Doppler techniques can be used to mini- 
mize clutter because the earth's surface is stationary, or at 
least moves slowly in relation to aircraft and missiles. 

OTH radars are Doppler radars. They extract the desired 
signals from the background noise on the basis of the Dop- 
pler shift of signals reflected from moving targets. Signal 
detection becomes more challenging when the target and 
background have similar speeds, like ships moving at the 
same velocity as the sea.' With Doppler processing, the 
transmitter beam must illuminate the target area for a period 
(dwell time) sufficient to distinguish moving targets from the 
background clutter: Depending on the clutter and the nature 
of the target, the dwell time can range from less than one 
to over ten seconds. 

As in Amateur HF communication, the ionosphere deter- 
mines the range of operation for OTH systems. Although 
most systems can use any segment of the HF spectrum, 
they usually operate near Maximum Usable Frequency 
(MUF) to minimize propagation losses. The MUF, the 
highest frequency that can support propagation that relies 

on the ionosphere, varies with the state of the ionosphere, 
time of day, season, and amount of sunspot activity. 
Ionospheric conditions are usually monitored in real time 
through vertical sounding of the ionosphere, oblique sound- 
ing, and, in a backscatter OTH system, by observing the 
signals which have been reflected by the earth. 

In addition to the problems associated with propagation 
losses, the ionosphere places additional demands on OTH 
radar systems. For example, there are usually multiple paths 
from the radar transmitter to target, as well as from the target 
to the receiver. In addition, the velocity of propagation is 
frequency dependent. Together these factors effectively limit 
the range resolution of an OTH system because short pulses 
can be distorted to the point of being useless. The refrac- 
tion of signals by the ionosphere is frequency dependent, 
allowing a specific area to be illuminated by a narrow range 
of frequencies. For example, a signal on 10 meters will 
normally illuminate the earth's surface at a much greater 
range than a signal on 80 meters. Finally, the ionosphere 
is in constant flux; propagation characteristics can change 
unpredictably from moment to moment. An OTH system 
must be robust enough to handle losses due to polariza- 
tion mismatch, ground reflection, and the focusing or 
defocusing of the radar signal due to the ionosphere. 

Transmitter and receiver systems 
OTH transmitters must provide not only very high power 

output (on the order of a megawatt or more) but operate 
over a wide range of frequencies. They must also have the 
ability to change operating frequency instantly (frequency 
agility) and produce highly accurate and stable carrier 
frequencies (for Doppler detection) with high spectral fidel- 
ity.8 Non-Soviet OTH systems use several transmitters oper- 
ating simultaneously to meet these requirements. 

The transmitted signal can be continuous wave (CW), 
simple pulse, frequency modulated-continuous wave (FM- 
CW), chirped pulse, or some other coded waveform.3 
Regardless of the type of modulation employed, it's usually 
desirable to shape the transmitted pulse to minimize the 
spectral energy contained at frequencies far removed from 
thecarrier (similar to the key click filter in your CW transmitier).s 

The main operating variables in the transmitter system 
are the output frequency, signal bandwidth, pulse repeti- 
tion rate, and pulse duration. Wide area coverage requires 
a wide range of frequencies. The radar scanning area (foot- 
print) is moved when the frequency is changed from the 
low to the high end of the HF spectrum, with higher fre- 
quencies used to scan the more distant target areas. 
Because dwell time must also be considered at each fre- 
quency, coverage of a large area can take considerable 
time. Scan time can be reduced by transmitting and receiv- 
ing simultaneously at several frequencies, or by transmit- 
ting a very wide beam and employing several narrow beam 
receiving stations. 

Good range resolution requires a wide signal bandwidth. 
A 100-kHz bandwidth, about the maximum that the iono- 
sphere can support at any given instant, corresponds to 
a range resolution of a little less than a mile.3 The use of 
wide bandwidth transmitter pulses has the added advan- 
tage of reducing echoes from natural targets3 

A low pulse repetition rate avoids range ambiguities. At 
50 Hz, for example, the unambiguous range is about 1,900 
miles. However, at low pulse repetition rates, Doppler signal 
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processing becomes more difficult. The pulse repetition rate 
is, therefore, a compromise between range and velocity 
resolution. In pract~ce, OTH pulse repetition rates range from 
several to tens of hertz.8 A long pulse duration is required 
for long range detection. Typical pulse duration varies from 
hundreds of microseconds to several milliseconds.8 

In addition to matching the general abilities of transmitter 
systems - including frequency coverage, frequency agility, 
and frequency stability - the broadband receivers used 
in OTH systems must operate in high levels of active inter- 
ference (from radio transmitters and meteors) and from 
passive interference (ground and ionospheric reflections). 
The most sophisticated components of the receiver system, 
however, don't deal with signal capture but rather with signal 
interpretation. A single receiver site may require a network 
of a dozen or more large computer systems, all dedicated 
to processing the received signals. 

Forward scatter and backscatter 

OTH radars can operate with either backscattered waves, 
where a reflected s~gnal is received at or near the transmitter 
site, or with forward scattering, where the incident and scat- 
tered waves propagate in the same direction (see Figure 2).6 
Backscatter OTH systems can detect the presence of a tar- 
get and measure its location. As in conventional Doppler 
systems, the transmitlreceive time delay determines range. 
Highly directive antenna systems determine angular coor- 
dinates.6 

Backscatter systems require very high power transmitters 
(in the megawatt range) for reliable operation, because the 
losses associated with the ionosphere affect not only the 
transmitted signals, but the reflected waves as well. 

Forward scattering systems can achieve very long oper- 
ating ranges, on the order of 5,000 miles - about twice 
the range of backscatter systems. Much lower power trans- 
mitters can be used with forward scatter than with back- 
scatter, which is an advantage. Disadvantages include the 
inability to measure range. Only the presence or absence 
of a target can be detected. This obstacle can be overcome 
by using multiple receiving sites, but this is usually prohibi- 
tively expensive and complex. 

Another constraint associated with forward scatter systems 
is that the transmitter and receiver sites must be located 
on either side of the area of interest. For example, to monitor 
the Soviet Union, the United States installed forward scat- 
tering transmitters in Asia, the Pacific, Japan, Taiwan, and 
the Philippines and receivers in West Germany, Italy, and 
the United Kingdom.6 An additional problem associated 
with forward scattering is that of maintaining synchronization 
of transmitter and receiver systems. High stability oscillators 
in the receiver system that make use of periodic synchroniz- 
ing signals from the transmitter have been used to help 
maintain synchronization. 

Antenna systems 

Antennas for OTH radar must fulfill an almost impossible 
list of requirements. They must they have high directivity 
and the ability to scan the entire azimuth rapidly; they must 
also be steerable in elevation. OTH antenna systems must 
produce high gain, on the order of 20 to 30 dB, to provide 
both high signal-to-noise and clutter-to-noise ratios. (In this 

context, noise is considered to be due to lightning and 
broadcast transmitters and clutter is considered to be 
echoes from nori-target objects.) Although fulfilling these 
requirements at a single frequency would be challenging 
enough, OTH antenna systems must meet the aforemen- 
tioned specifications for the entire HF band. 

Perhaps the most awe-inspiring feature of OTH antenna 
systems is their sheer size. Systems extending thousands 
of feet in length and over a hundred feet high are not 
uncommon. Also, OTH antenna systems often use separate 
transmit and receive antennas. Although duplexing (using 
the same antenna for transmitting and receiving) is common 
in mill~meter-wave radars, it's seldom used in OTH systems. 
Because of the high transmitter power, sometimes on the 
order of several megawatts, the transmitter and receiving 
antennas are commonly separated by many miles. By its 
very design, forward scatter OTH necessitates the use of 
separate transmit and receive antennas. The high power 
associated with the transmitters places a number of 
demands on the construction of the transmitter antenna - 
including the need for massive feedlines and antenna 
elements. On the other hand, receiving antennas can be 
constructed with conventional materials. 

Both horizontal and vertical polarization can be used with 
OTH systems. When vertical polarization is employed, a 
metallic ground plane is usually placed in front of the 
antenna to reduce losses - especially if the antenna instal- 
lation is located inland.8 The ground plane for OTH systems 
most often takes the form of a wire screen extending 150 
or more wavelengths in front of the antenna.3 Above ground 
screens are used to minimize losses caused by snow in 
places where there's snow on the ground for much of 
the year. 

Installations 

There are probably several dozen OTH systems in opera- 
tion around theglobe at anyone time. Although there'salmost 
no mention of many of these systems in the literature, several 
have been described, if only by observers. Perhaps the 
most infamous OTH system is the Russian Woodpecker (so 
named because of the characteristic pulse rate of about 
10 Hz). This extremely powerful system, located in the 
Ukraine, was first widely heard during the winter of 1976- 
77.9 Recently, a missile-tracking OTH system based in 
Siberia has been reportedJ0 This system uses a much 
higher pulse repetition rate than the woodpecker. Its sound 
has been likened to that of a bumblebee. 

Although we tend to attribute all OTH signals to Soviet 
systems, there are a variety of sources for these charac- 
teristic pulses - including several sites in the United States. 
A system located in Caribou, Maine, for example, uses 
21 100-kW CW-FM transmitters, of which seven may be 
transmitting simultaneously.9 The dipole transmitter array, 
separated from the receive antenna by 100 miles to mini- 
mize interaction, is 130 feet high and 2,225 feet wide. The 
operating range for this backscatter system is from 500 to 
1,800 miles.6* 

*Wonder how my 2-watt handheld would work with one of 
these antennas? Ed. 
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ROCK SOLID 
"The seven IC-735's used at P40V 

performed well. Their excellent 
dynamic range contributed to our 
victory at P4OY The IC-735 is a true 
champion!" Dale Green. VE7SV 

ICOM's IC-735 is the world's most popular 
HF transceiver for three simple reasons: 
Performance, Size and Reliability. With 
the highest performance, smallest size, and 
best customer satisfaction of any HF 
transceiver, the IC-i35 is the undisputed 
champion for fixed, portable or mobile 
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The Wide Aperture Research Facility (WARF) in Los 
Banos, California is used for monitoring ocean conditions 
and for tracking ships in the Pacific and Caribbean. This 
FM-CW radar system, operating from 3 to 30 MHz, uses 
separate transmit and receive antennas located 115 miles 
apart. The receiving antenna, an array of 256 twin whip 
doublets that extends 1.6 miles, has a beamwidth of only 
0.5 degree at 15 MHz.' 

OTH development isn't limited to the United States and 
Soviet Union. Australia operates Jindalee, an OTH system 
near Alice Springs (near the center of the country), to 
monitor its northern coast.5 The transmitter site supports 
16 CW transmitters that drive 16 log-periodic antennas. The 
receiving antenna consists of 492 elements, with an aper- 
ture of about 900 feet.7 An extensive ground screen is used 
to maximize transmitter efficiency. The Hall Beach system, 
located in Melville, Canada produces a 3-MW signal with 
a log-periodic antenna.8 

Apparently, each branch of our armed forces conducts 
its own OTH research. The United States Air Force, which 
already maintains OTH surveillance of both East and West 
Coasts, will soon begin transmitting OTH signals from Hans- 
com Air Force Base in Massachusetts!l The Navy's 
MADRE system was developed at the United States Naval 
Research Laboratory on the Chesapeake Bay in the early 
1960s. This 5 to 50-kW system uses a phased array 320 
feet wide by 140 feet high. The Table Mesa OTH at Boul- 
der, Colorado, first put into use in the mid-1950s, has report- 
edly been used to scan the Gulf Coast.' 

The Pentagon is building a new OTH backscatter network 
to cover the coastline of the United States. The first unit in 
this network, built in Maine, ran ~ts first tests last year: Each 
radar site is capable of tracking targets from 500 to 1,800 
miles away and produces 1 MW of FM-CW pulsed radar 
at angles of 6 to 30 degrees. The Maine unit covers the 
area from the East Coast of the United States to Cuba, to 
Greenland, and to Iceland, w~th an operating frequency 
range from 5 to 28 MHz. The receiving antenna is 5,000 
feet long and uses 28 VAX computers for signal and data 
processing. An even more elaborate West Coast unit has 
an 8,000 foot long receiving antenna.' 

Coping with OTH radar noise 
Using a highly directive antenna system will minimize the 

effects of OTH, especially when the radar signal is broad- 
side to the antenna's major lobe. However, because most 
of us don't have six-element Yagis on every HF band, we 
need another more general solution. Noise blankers, while 
not a panacea, can help minimize the effect of OTH QRM. 

Most modern transceivers come equipped with noise 
blankers designed to reduce intermittent noises. Unlike 
noise limiters - which work by limiting the amplitude of 
noise spikes to the average signal intensity - noise blankers 
actually interrupt the IF signal during the exact time of each 
noise spike. Short duration spikes are handled easily by 
most noise blankers, allowing the desired signals to stand 
out clearly from the background noise (the instantaneous 
breaks in the desired signal aren't usually noticeable). 

Unfortunately, the effectiveness of noise blankers dimin- 
ishes as the noise increases in amplitude and duration. 
Longer duration high amplitude noise, like the woodpecker 
noise associated with OTH radar (Figure 3), is handled 
poorly by simple onloff noise blankers. More capable noise 

Recording of an OTH signal made on February 10, 1989 at 20:40 
UTC (top). At the time of the recording, the signal, which had a pulse 
rate of approximately 10 Hz, could be heard from 10.495 to 10.509 MHz. 
Notice the cyclical nature of the signal's peak amplitude, implying 
that the carrier frequency was systematically changed from pulse 
to pulse (FM-CW modulation). The illustration at the bottom is a 
recording of the same signal made at 20:41 UTC. For this record- 
ing, the receiver's noise blanker was adjusted to minimize the OTH 
signal. Note that, although a high quality adjustable noise blanker 
was used, a considerable amount of the unwanted signal remains. 

blankers, with atljustments for duration and blanking level, 
are best for coping with OTH noise. However, even with the 
best noise blankers, OTH signals can't be eliminated com- 
pletely (Figure 3). When using a noise blanker on OTH sig- 
nals, work with the lowest blanking level possible. Using a 
higher blanking level than necessary will only add distor- 
tion to the desired signal. 

Summary 
OTH radar, arid its characteristic interference, is here to 

stay. The situation on the HF Amateur bands is likely to 
become much worse when the new high power systems 
become active on both east and west coasts of the United 
States. Because these systems apparently have free reign 
over the entire HF spectrum, our most immediate recourse 
as Amateurs is to develop more effective receiver circuitry 
for rejecting their signals. A long term solution will no doubt 
require international legislation to limit OTH systems to non- 
Amateur frequencies. 
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up  to the competition 
with power and capabil- 
ity. 10 memory chan- 
nels store offsets and 
sub tones .  H a s  LCD 
readout with call chan- 
nel and reverse at your 
fin~ertips. 500 mah bat- 
tery with direct DC to 
L)C is standard. 3W on 
standard battery, 6W on 

y9-57-- optional battery leaves - the  competition in the 

Set your sights for dzcal! dust! I).J-2OOr for 220 MHz. 

D J-7 F;;QT&~,l-4F:QT 
2M H/T is here! And wow! 
"Hells Whistles" is a tame word to use 
for the new DJ-lf;OT, newest "Magnificent" 
one from Ninco. Keyboard entry is just 
one of four ways to enter a frequency in 
the extended receiver (137-173.995 Mhe) 
of  the Dl-16OT. You can store duplex/ 
simplex pairs in any of 20 Memories, o r  
Call Channel, with offsets, and any of 38 
encoding subtones. Choose one of 3 scan 
modes, "Rancl" "l'rogram" or  "Memory" 

nels. call channels. 1Gkey DTMF Micro- and one of five step ranges in WO. Prior- 
ity mode can be  used in WO. Menlory or 
Call. "1)ual Watch" allows the DJ-lMTT to 

natcly on CAI.1, VFO 

ties a provtln winner with the "reputation1' o r  o n e  Ml<MOKY. 

of best value. Ihe IIK-11OTpacks a power- "Pager" is for group 

ful45W on 2M and sports all the features o r  s i n g l r ~  person  

you expect in totlays transceivers. Tuning alert. Other fealurrs 

is a snap with the multi-functioned easy-to- include: Airto "13at- 

see keyboarcl. 14 memory channels. suh- t e ry  Save", Aulo 
tones, scan, multi- colored LC11 readout, "Power Off'. and 2- 

today! DR-4 l l r r  available for 70 cm. stanclard 700 niah 
bat tcry.  o r  in- 

Best Dual Value on the creased power from 
Market! built-in I)c to Dc, 
'I'hc. Alinco DR-51(T has most of the out- or optional 12V bat- 
standing features of it's sister the IjK-570T. tery. The Alinco 111- 
inclutling 14 mmiory channels, cross band Ifi(YI', now the "Top 
clupl~x and cross band repeat. The multi Gun'' with the coni- 
color I,CI> display. and simple tune con- petition today! DJ- ,, 

trol pancl makes siniplicity the key word. 46(T for 7Ocm. 
I h e  11R-5lOT with 45/35 watts is the best, 
fcaturca-packed dual bander on t h r  Ama- 
teur market today. .+c the I)R51(T along 
with the other Alinco "Magniticcnt" 0nc.s 20705 S. WESTERN AVE.. SUITE 104, TORRANCE, CALIFORNIA 90501 
at yo~l r  f;ivorite dealer today! TEL: (213) 61 8-861 6 FAX: (21 3 )  61 8-8758 
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Smith Design 107 
Spectrum Probe 

Ever long to own a spectrum analyze0 As a 
project builder and rad~o repairer, I sure have! 
Analyzers are invaluable for a wide range of 
des~gn and service tasks, and most professional 
labs have them. Yet the price tags on these elec- 
tronic marvels have never been in keep~ng w~th 
my "Amateur" status. 

Fortunately for those of us on a budget, Smith 
Design now offers a new device called the 107 
Spectrum Probe. For about the priceof a2-meter 
FM rig, you can team this compact device with 
any inexpensive oscilloscope and perform many 
important tests once reserved for expensive and 
cumbersome laboratory setups. 

In terms of technical specifications, the probe's 
frequency coverage spans from below 1 MHz 
to more than 100 MHz with a dynamic range of 
50 dB or greater. Sensitivity is around 100 pV, 
and frequency response is specified at *2 dB 
from 5 to 100 MHz. IF bandwidth is 180 kH at 
-3 dB, providing an ultimate resolution of about 
0.5 MHz. Maximum CW input is +15 dBm or 
1 volt at 100 MHz, becoming progressively 
greater at lower frequencies (the probe has a 
10-pF input isolation capacitor). Sweep rate is 
6 ms/100 MHz, and horizontal linearity is *I0 per- 
cent. The probe measures 7.5" x 1" x 1" and 
weighs just 2 ounces. External power is supplied 
bv a small wall transformer. 

I found the 107 very easy to set up and oper- 
ate. The probe has no user controls - all adjust- 
ments are made at the scope. The 5'6" probe 
cable has two connectors. There's a line jack for 
the wall transformer and an RCA plug with BNC 
adapter for vertical input. Horizontal timing is 
provided by a sync pulse on the probe's com- 
posite waveform. 

To obtain a spectrum display, I set vertical gain 
for 50 mVldiv (DC coupled) and triggering for 
0.5 msld~v, negative slope. I then repositioned 
the baseline to the bottom of the screen, push- 
ing the horizontal sync pulse out of view. Finally, 
I checked the trigger level for stability. "Zero" 

MHz was marked on the left of the display by 
a strong carrier (an internal local oscillator). Each 
division across the screen represented approx- 
imately 10 MHz, with the last corresponding to 
100 MHz. Because my scope has x10 sweep 
expansion, I could zoom in for a closer look at 
any 10-MHz segment over the probe's 100-MHz 
range. To check sensitivity, I touched the probe 
to my finger and brought up several broadcast 
carriers on the display. 

For my first test. I connected a homebrew 
20-meter QRP rig to a dummy load and keyed 
it. I then placed the probe tip near the load, posi- 
tioning it so the 14-MHz fundamental measured 
50 dB, or five divisions, above the baseline (sug- 
gested zero reference). At this level, the stronger 
mixer spurs and a harmonic began to poke up 
through the noise floor, allowing me to estimate 
frequency and amplitude. For spotting exact fre 
quencies, I used a srgnal generator asa tunable 
marker. This "quickie" samplrng procedure 
yielded nearly identical results to those obtained 
in a lab evaluation of the same radio. 

A lot of the "business" that goes on in RF cir- 
cuitry is difficult to observe without some form 
of spectrum analysis. Consequently, I have come 
to rely on the probe a great deal. Being able to 
"see" what occurs when two signals mix, when 
a stage is overdriven, or when a filter is mistuned 
makes debugging and optimizing much easier. 
Tough jobs, like checking a mixer-driven trans- 
mitter strip for FCC compliance, are simple fare. 
I've also found the 107 very "test friendly,'' in that 
it rarely loads down circuitry and often picks up 
usable signal l&s without physical connection. 
However, because of this sensitivity, the manual 
recommends using caution around power ampli- 
fiers to avoid burning out the probe's input 
amplifier. I also observed some desensing in 
high RF fields (the probe case is unshielded). 

In addition to functioning as a Hi-Z voltage 
probe or looped current probe, the 107 inter- 
faces readily wrth standardized systems. A slip- 
on adapter converts the probe tip to a BNC- 
compatible plug. By adding a "T" connector 
and terminating load, you can plug directly into 
calibrated generators, attenuators, mixers, and 
RF bridges. When terminated, the probe is vir- 
tually transparent throughout its range. 

Although this is a great product, it's important 
to remember that the 107 isn't a direct replace- 
ment for a $10.000 lab instrument. Dynamic 
range is 50 dB versus 100, accuracy is *3 dB 
vbrsus 0.3. and cwerage is 0 to 100 MHz versus 
0 to 1 GHz. But if some tasks are beyond the 
gamba of the 107, it handles a host of others eco- 
nomically and well. For example, it's a natural 
for EM1 and RFI detection, servlce work, digital 
and HF analog design, classroom and labora- 
tory training, production control, and many other 
real-world applications. And, for the Amateur 
who builds or repalrs ham gear, the Spectrum 

Probe is clearly one of the most useful tools I've 
seen. I recommend it. 

Smith Design 107 Spectrum Probes are avail- 
able directly from Smith Design, 1324 Harris 
Road. Dresher, Pennsylvan~a 19025. Credit card 
orders are accepted and may be placed by call- 
ing (215)643-6340. The list price is $249, includ- 
ing adapters, power supply, and storage case. 
Significant discounts are available - rncludrng 
a special $199 direct mail price to Radio 
Amateurs. 

de KlBQT 

Circle M20 on Reader Service Card. 

The Complete DX'er 
Amateur Rad~o has several very good authors. 

One of the best is Bob Locher. W9KNI. Bob's 
ability to spin an interesting yarn about a rela- 
tively technical subject is unique. Many of you 
will remember Bob from his series of articles in 
Ham Radio HORIZONS, the "Dxer's Diary." 
Reading the "DXer's D~ary," you shared the joys 
of working rare OX and the misery of having 
missed out. 

Considerably revised and updated, this new 
edition of an all-time classrc is sure to be a best 
seller. Bob assumes that h~s reader wants to work 
DX. He then sets out to weeve a carefully craft- 
ed, yet eminently readable, tale of how to do so. 
From calling CO to spending hours listening to 
static crashes on the low bands, Bob gives you 
the benefit of h ~ s  years of operating experrence 
and DXCC Honor Roll status. 

Special coverage, Including operatrng hints 
and strategies, is grven to worklng DX in con- 
tests - often one of an operator's best oppor- 
tunities to work new countries. For rnstance, a 
good single operator station can work over 100 
countries in CQ's World WideTw contest. 

Locher also gives special treatment to work- 
ing DX through pileups. Read The Complete 
DX'er and you'll have all the tucks of the trade 
from one of the best at your fingertips. You'll find 
it's better to l~sten to a pileup with the rare DX 
station already in your log than to spend hours 
callrng frantrcafly, and sometimes unsuccessfully! 

This book is great reading for the experienced 
operator and "must" read~ng for the newcomer. 
You'll learn how W9KNI has been so successful 
in his yearschasing DX. Who knows, maybe you'll 
join h~m on the DXCC Honor Roll someday soon. 

The Complete DX'er is available from the HAM 
RADIO Bookstore for $11.95 plus $3.75 shipp~ng 
and handling. 

de NXlG 
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THE HANDY 
ANTE SWITCH 
Frank W Smith, W4EIN, 2023 Haven Crest Drive, 
Chattanooga, Tennessee 37421 

S everal years ago I needed a double-pole, double- 
throw (DPDT) coax switch in my station. I couldn't 
find a commercial supplier for such a device, so I 

coupled two Radio Shack CB-type antenna selector 
switches mechanically. Basically, they were single-pole, 
double-throw coax switches. These worked quite well for 
a number of years - serving primarily to insert a homebrew 
Class-C amplifier into the antenna feedline when in the send 
position and to bypass the amplifier in the receive position. 

Uses 
I discovered that this switching arrangement lent itself to 

a number of applications. You can insert a preamplifier into 

a transceiver input for receiving and bypass it on transmit, 
bypass the antenna tuning unit on designated bands, and 
select an antenna or dummy antenna. These applications 
are shown in Figure 1. The switch is also useful for making 
immediate real-time comparisons under operating conditions 
- like reception with and without a preamp or effective- 
ness of a power amplifier with a contacted station. 

Eventually, wear and tear got the best of the rather puny 
contacts on the CB switches, and I needed to replace them. 
Butalas, the Rac~ioShackswitcheswere no longer available, 
and I couldn't locate any other similar devices. So, I decided 
to concoct my own. The result was sufficiently successful 
to warrant passing it on. 

RCV +-- - SEND RCV- SEND 

TRA NSCN VER 
P R E A M P  

ANT *TRANSCEIVER 

0 )  b )  

I r SWITCHES DECOUPLED I 

ANT 3 4 @?:-@ - A N T  1 
IOR DUMMY LOAD1 - TRANSCEIVER 
c) ANT 2 

Some typical applications for "Handy Ante." 
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the SO-239 receptacles together electrically; I used cop- 
per braid from a scrap of coax. The leads from switches 
to receptacles should be short. 

Switches 
The slide switches are double-pole, double-throw, but the 

poles are paralleled to increase the current capacity. The 
switches are rated 3 A at 120 volts. Paralleling the contacts 
should make them good for 6 A, but because they are 
intended for use in low frequency power circuits, I'd hesitate 
to give them this rating at RF. I can say from experience 
that they will handle the output of a 200-watt amplifier and 
suspect that they will do considerably better. 

The switches are coupled by a length of wooden dowel. 
I used one 114 inch in diameter and 3-314 inches long. Drill 
a 5164-inch hole in each of the plastic switch levers; then 
mount the switches and carefully mark and drill the dowel 
to match. I mounted the dowel with no. 2-56 machine 
screws and hex nuts. 

The DPDT coax selector switch (dubbed the "Handy Ante") Be Sure that both switches are in the Same position when 
In operating position. you mark the dowel for drilling. If you take reasonable care, 

the switches will move smoothly and positively from one 
position to the other, with the dowel used as a handle. I used 
no. 18 stranded hookup wire to connect the switch. Make 

"Handy Ante" with front panel open. Note lug in lower right corner 
for grounding panel. 

sure the leads are short and have suff icient current capacity. 
If you use a metal panel, connect it to the coax receptacles. 

Mount the completed unit solidly to a wall, shelf, or other 
stable mooring near your operating position. Now all you 
need to put the "Handy Ante" to work are afew coax jumpers. 
The coax you choose for these jumpers should have the 
same characteristic impedance as that of the original trans- 
mission line. 

Performance 
The switch in the circuit at my location seems to have min- 

imal effect on VSWR or general performance of the antenna 
system. I found there was an increase in VSWR from 1:1 
to 1.5:1 at 28 MHz when I inserted the sNitch in the line. 
This isn't a major problem and was the maximum change 
noted between 3.5 MHz and 28 MHz. 

A note of caution 

Quantity Description 
1 Housing, Radio Shack hobby box no. 270-232, or 

similar 
2 Slide switches. DPDT, 125 volts AC. 3 A. Radio Shack 

no. 275403 
6 Coaxial cable receptacles, chassis mount, type 

SO-239. Radlo Shack no. 278-201 

Description and construction 
Essenttally, the device consists of two slide switches 

coupled together mechanically and terminated electrically 
in six SO-239 coaxial cable receptacles. The construction 
is quite simple and is shown in Photos A and B. I built ~t 
into a Radio Shack 7-314 by 4-318 by 2-318 inch plastic 
experimenter's box with an aluminum panel. This box is a 
little large for this application, but it does permit in-line 
mounting of the six coax receptacles. It's critical to bond 

transmit position to send. I" use back-to-back diodes 
mounted directly across the preamp input terminal from the 
transceiver. This crowbar-type protection causes the trans- 
ceiver to transmit into a virtual short circuit and trip off 
because of its protective system. Other types of protection 
may be best for different setups. 

In closing 
You m~ght ask, "Why, in these days of sophistication and 

automation, should I resort to a manual sendlreceive 
switch?" The system is simple and reliable, and lends itself 
well to on-the-spot comparative testing. The switch also 
operates easily and quickly. Its only drawback is operation 
on break-in modes. 1 use "Handy Ante" on a routine basis 
to insert my old Class-C amplifier in the feedline when 
needed. I also use it to insert a 10 or 15-meter homebrew 
preamp for receiving, combining functions A and B of 
Figure l.Q 
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@MAGAZINES@ 
.antenneX-A monthly magazine 

all about antennas. Read in 40+ 
countries. Second exciting year 

.............................. in publication 5 . 9 7  

@BOOKS@ 
.Rules of the Antenna Game .................. By Ted Hart, W5WR $9.95 
.Small High Efficiency Antennas .............. By Ted Hart, WSQJR t19.95 
eEieetronics for the Radio Amateur ......... By James G. Lee, W6VAT $19.95 

@SOFTWARE (IBM)@ ....... *Transmitting Loop Antenna $1 7.75 
*Transmission Une Antenna...... $1 7.75 .......... *Antenna Utilities-Series 1 $27.75 .............. .Noise Analysis Program $9.75 .......... Capacitor Design Program $9.75 

@OTHER@ 
.......... .Wiperleu Capacttor Plans $4.95 I 

TO O R D E R S c d  Check or MO plus 
$1.50 S&H per ilem (except mngazlac) 
Texas mldenb add 7.5% sPks (ax. TO: 

FRANKLIN-BELLE PUBLIS1IERS 
4639 Corona, Sulk 12 

Corpus Chrlsll, TX 78411 
(512) 852-0436 

frequency separation 

Models ava~table for 
all cornrnerc~al and 
ham bands wtthln the 
frequency range 0130 

Bob Atkins, KAlGT 
Starting something new is always a 
challenge. I thought I'd begin this 
month by introducing myself and talk- 
ing about the possibilities for this 
column. As some of you may know, I 
was the author of QSTs column on 
microwave technology from 1980 to 
1989. When QST decided not to run a 
regular monthly microwave column 
late last year, Ham Radio graciously 
offered me the opportunity to join them 
and continue coverage of the bands 
above 1 GHz. 

I have some ideas about how such 
coverage might be presented, but 1 
would be interested in what you would 
like to see. My current idea is to pre- 
sent a mix of operating news, technical 
presentations, and simple construction 
projects. These would be aimed mostly 
at the microwave bands, but would not 
exclude coverage of topics also related 
to operation in the VHF and UHF parts 
of the spectrum. Your input to such 
a column is vitally important if it is to 
present information concerning state- 
of-the-art developments in microwave 
equipment and operation. If you have 
short news items, technical hints, or 
microwave-related questions, I urge 
you to send them along to me at the 
address at the foot of this column. 
There is a minimum two month lead 
time between my writing a column and 
its appearance in Ham Radio, so 
prompt reporting of activity news is 
especially Important. 

Ham Radio is always interested in 
publishing longer technical articles in 
the main body of the magazine, so if 
you havesuch technical material, by all 
means send it directly to the magazine 
at the address on the contents page. 

It's difficult, in writing a column of this 
type, to determine the level of 
knowlege I should assume on the part 
of the reader. As much as possible, I 
will aim at general Amateur interest. 

There are two reasons for this. First, I 
want to encourage readership; nothing 
turns off readers like a page full of 
equations! Second, I'm not sure I can 
write at a level more complex than that! 
Plans for upcoming columns include 
coverage of optical communications 
systems including laser transmitters, 
receivers, and propagation, and articles 
on the various modes of microwave 
tropospheric propagation - from line 
of sight through tropospheric scatter- 
ing to ducting. Along with these I hope 
to have some news items. Once again, 
that depends on reader input. So 
please write, and between us we'll see 
what we can do to maintain coverage 
of the microwave scene. 

Please send your questions and 
comments to me at 103 Division Ave- 
nue, Millington, New Jersey 07946. 

iat you'll 
~ n d  sugg 

send him 
estions. 

Joe Rl 
HFIUHF ' 
are plea !--.-,,- 

LT.'-.: .?". - -.-. r;rmhi.t-...-. ..-- -;q--,- 

Meet Bob Atkins 
In January's Editor's Nores I 

promised all of you a new column 
for microwave and VHFlUHF 
enthusiasts. We know that many of 
you have missed eisert's 
monthly missive "V 
so this month we 
present our first Inslallrrlerlt VI 

"Microwaves," written by Bob Atkins. 
KA1GT. Bob holds a Pt- 
chemistry and currently work 
field of materials research at Aial 's 
Bell Laboratories. He wa 
licensed as G8EKB (a UK nl 
license) in or ardund 1969. he was; 
active intermittently on 144, 432. 
and 1296 MHz until 1976, when he 
left England for Texas. In 1979 Bob 
moved to Connecticut, was licensed 
as KAIGT, and operated SSBlCW 
on 144, 432, and 1296 MHz and 
wideband FM on 10 GHz. From 
1979 to 1981, he was also ac 
432-MHz EME using a horr 
amplifier and antenna syster 
made his first contacts on lu-bnz 
SSBlCW in 1981. Later that year he 
moved to New Jersey, where he can 
be found on the air from time to time 
on the VHFIUHF and mic~ 
bands. He enjoys building 
ment, and has recently con 
construction of a fully relay-sw~tcnea 
solid-state 10-GHz all mode trans- 
verter system for portable use. We 
hope you enjoy Bob's column and 
tl 
a 

your con 

K, 

JVorld," 
sed to 
--A -I 

I.D. in 
s in the 

IS first 
o code 
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.live on 
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The Best P=Meter Power You'll Ever Use 
With the LOWEST noise GaAs-FET pre-amp in the industry 

B-3030-G . 144MHz 
30W in - 300W out 

High-speed RF switching relay-(5 ms or less typical switch time) 
Dual-gate GaAs-MESlFET pre-amp, typical gain of greater than 22dB 

Dynamic wide-range overload protection 
Over-temp and high VSWR shut-down 

There are a lot of amps on the market, but few ruggedized bricks. Whether your 
interests are H-F, 6-meters, 2-meters, 220 MHz or 440 MHz, our FULL line of 
ruggedized amps are in-stock, and ready to ship. 

Complete your rig with any of KLM's 2-Meter antennas. 
Anything from short-range YAGl's or verticals to long-range satellite circulars. 

2M-16LBX 
Bandwidth. . . . .  .144-148 MHz 
Gain. . . . . . . . .  .13.2-14.5 dBd 

. . . . . . . . . . . . . . . .  VSWR 1.2:l 
. . . . . . . . . . .  FIB.. .20 dB min. 

Element Length. . .405h" max. 
.......... Boom Length .28 ft. 

. . . . . . .  Windload. .2.44 sq. ft. 
. . . . .  Turn Radius. . l 5  ft., 5 in. 

. . . . . . . . . . .  Weight.. .10 Ibs. 

2M-22C 
. . . .  Bandwidth. .144-148 MHz 

. . . . . . . . . . . . . .  Gain. .13 dBc 
VSWR. . . . . .  .better than 1.5:l 

. . . . . . . . . . .  FIB.. .20 dB min. 
. . .  Element Length. .41" max. 

. . . .  Boom Length. .19 ft., 1 in. 
. . . . . . .  Windload. . l .85 sq. ft. 

. . . . . . . .  Turn Radius.. .13 ft. 
. . . . . . . . . . .  Weight.. . l l  Ibs. 

2M-11X 
. . .  Bandwidth.. ,144-148 MHz 

. . . . . . . . . . .  

. . . . . . . . . . . . . . . .  
Gain.. .12.5 dBd 

. . . . . . . . . . .  
VSWR 1.2:l 
FIB.. .20 dB min. 
Element Length.. .40%" max. 

. . .  Boom Length.. .15 ft.,4 in. 
. . . . . . .  Windload. . l .38 Sq. ft. 

. . . . .  Turn Radius. .15 ft., 4 in. 
. . . . . . . . . . . .  Weight. .5.5 Ibs. 

435-40CX 
. . .  Bandwidth.. .410-450 MHz 

. . . . . . . . . . . .  Gain.. .15.2 dBc 

. . . . . . . . . . . . . . . .  VSWR 1.5:l 
. . . . . . . . . . . .  FIB. .20 dB min. 

Element Length. 13.625" max. 
. . . .  Boom Length.. .175.5 in. 

. . . . . .  Windload.. .1.16 sq. ft. 
. . . . . . .  Turn Radius.. . lo5  in. 

435-40CX Weight. . . . . . . . . . . . .  .10 Ibs. 

Antenna gain figures used by MIRAGEIklm are measured according to the National Bureau of Standards. These figures are 
actual gain listed in dB at free space measured over adipole. Some manufacturers do not choose to use this standard and 
therefore indicate gain figures that appear to be higher. 

To order, contact your local dealer, or call us direct. 

P.O. Box 1000 Morgan Hill, CA 95037 M/R4GE/KLM 408) 7797363 (800) 538-2140 (outsicie CI\) 



SWITCHABLE BANDWIDTH 
CRYSTAL FILTER 
CW and SSB filter 
with one set of 
surplus crystals 

By John Pivnichny, N2DCH, 3824 Pembrooke 
Lane, Vestal, New York 13850 

v o u  can design a filter for almost any bandwidth by 
selectina the proper couplina capacitors and ter- . - .  
minationresistances. Here's how to build a filter with 

two different bandwidths (CW and SSB) by switching only 
the capacitors. The termination resistance 1s held constant 
at 220 ohms and doesn't need to be switched. 

Ladder-type filters 
Simplified design equations for ladder-type filters where 

all crystals have the same frequency have been published 
in Amateur Radio literature? Figure 1 shows a typical ladder 
filter. (See Reference 2 for more information.) The crystals 
are in series with the signal path and are "coupled" by 
capacitors with one end connected to ground. The filter is 
terminated with resistances at each end. 

Surplus crystals. 
Crystals - a a :  

My f~lter uses inexpensive surplus 8.0-MHz crystals in an 
HC-18 style package with wire leads (see Photo A.) I was 
able to get 50 of them through a swap and checked their 
frequencies before proceeding. 

You can check your crystals by building the oscillator 
circuit shown in Figure 2 and Photo 6. The terminal posts 
allow for easy connection and removal of each crystal's wire 
leads. I wrote frequencies to the nearest 100 Hz on a set 
of small envelopes and placed each crystal in its marked -.--- 

envelope directly after removing it from the test circuit. My 
envelope system prevents mixups and lets me select 
appropriate crystals for the filter. 

You'll need three crystals with frequencies within 200 Hz 
of each other. In most cases, it isn't necessary to start with 
50 crystals. My crystals turned out to be very low Q, with 
frequencies ranging from 7995 to 8015 kHz. Nevertheless, I 
wound up with many setsof threewithin the required 200 Hz. 
The surplus crystals, although low in Q, make very satis- Osciffator circuit. 
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OUT 

Typical ladder filter. 

bandwidths. You can compensate for this loss in the IF 
amplifier that follows the filter. 

Test circuit 
Once you've selected three crystals, you must measure 

their characteristics more carefully. You'll need a signal 
source whose frequency is adjustable +20 kHz around the 
crystal frequency and a sensitive RF voltmeter. I used the 
circuit and hardware of my homebrew tuning dial3 (adding 

+9v 
0 

10k ,qzmo 10k 

a - 750 

>< 750 

CRYSTAL 
TERMINALS 

4 )  

i< 43 2.2k FREOUENCY 
COUNTER 

i - 

10k 

a - 
>< 750 

CRYSTAL 
TERMINALS 

4 )  

10k 2.2k FREOUENCY 
COUNTER 

Oscillator circuit. 

SMALL 
A L L ~ G ~ T O R  
CLIPS 200-OHM 

GENERATOR METER 

50-ohm test circuit. 

Test circuit. 

240 pF to the tank and adjusting the coil slug), which I tuned 
to 8 MHz for a signal source. My voltmeter is described in 
Reference 4. You'll also need a calibrated 3-dB attenuators 
and the 50-ohm test circuit in Figure 3. 

You must have a 50-ohm system to measure the crystals 
because the design equations are based on 50-ohm 
measurements. The pi attenuator at the input of Figure 3 
guarantees a source between 50.05 to 51.82 ohms, regard- 
less of your signal source impedance. At the output, I used 
the 200-ohm attenuators in parallel with a 68-ohm resistor, 
followed by a 200-ohm voltmeter. 

Following Hayward's procedure', insert each of the 
selected crystals into the test circuit shown in Photo C and 
tune the signal source for a peak reading on the voltmeter. 
This peak will occur about 1.8 kHz lower than the frequency 
measured with the oscillator circuit of Figure 2. Note the 
reading on the voltmeter. Now replace the crystal with low 
value fixed resistors (10 ohms is a good starting point) until 
you obtain the same voltmeter reading. This value will be 
the series loss (Rs) of the crystal. My surplus crystals 
measured 27 to 30 ohms; a high quality HC-6IU type will 
measure 5 to 6 ohms. Record the Rs measurement. 

Replace the crystal in the test circuit, checking to make 
sure the signal source is still set for a peak reading on the 
voltmeter. Switch in 3-dB attenuation, note the new meter 
reading, and then switch back to 0 dB. Now tune the signal 
source above and below the peak frequency until you reach 
the same new meter reading. Record these two frequencies. 
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NYE Takes the fear out of full power antenna tuners. 
and the guesswork out of PEP measurement 
with these two MUST SEE PRODUCTS!! 

MB-V-A RFM-003 

I 

Discover this durably built, feature packed MB-V-A Antenna Get correct easy to read measurements of PEP for SSB, 
tuner. You'll find operating conveniences that make antenna AM, and Pulse along with full timecompletely automatic 
tuning a snap and value engineered to do the job over wide SWR display with this unique Power Monitor System. 
operating ranges. Compare quality, features and the NYE Two models to choose from: The RFM-003 for 3KW 
VIKING TWO YEAR WARRANTY. indication and The RFM-005 for 5KW. 
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thrs SWIIC~ lo take the power Rated at lOKV and M amps 

3 KW Balun. Trlller wound trlple core torrold glves balanced outpul to lwln 
leeder lrom 200 to 1DOO ohms and i~nbalanced output down to 20 ohms 

Maximum Power Transler. Match your transmitter output impedence to almost 
any antenna systelli for maximum power transfer Ampllflersonly runat their 
deslgned (I when properly matched 

Model ~ ~ i a n s .  MB-IV-A1 includes all MB-V-A fealures less antenna switch and 
hnlun MB-IV-A2 IS ~dentlcal to MB-IV-A1 wlth the addltlon of a trlple core 
balun 

14 MHz wlll not tune on some antennas 

(31 Modes - Peak Average and Peak and Hold wlth a unlque non-drrlt Sample8 
Hold Analog memory clrcult 

(21 Rangcs - Automat~cally swltched power scales to 5 KW 

Fully  m ma tic SWR - Full time meter dlsplays ratios dlrectlv wltho~l l  drift 

Bullt.in A10 - Protect your amplrfrer tube investment wlth thls last actlng 
lockout 

Rmde Couplers - Six feet remotes the interchanqeable calibrated couplers 

True RMS Conversion - H F couplers use forward blased full wave detection 

Rugged Canstructlon - Heavy gauge aluminum constr,uct~on Top quality qlass 
epnxy PCB This meter 1s b111ll lo last 

Accuracy - Guaranteed to + S"CI F S 

Warranty - TWO FULL YEARS 

Added Features - Swltchable reverse power all mode metering - Full status 
LFD Orsplay - Adlustable ALO IS swltchable SWRIREFL power - Heavy 
duty Nrcad batteries charged by the applled RF fnr the fleld and a charger 
IS supplred for fast charqlnq and backllghllng 01 the taut band meters for the 
ham shack 

OTHER NYE VIKING PRODUCTS 
Phone Patches - Electronic and Memory Keyers - Squeeze Keys - Straight Keys - Code 

Practice Sets - Antenna Switches - Low Pass Filters - All Band Antennas and more ... 
ASK FOR A FREE FULL LINE CATALOG. 
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Amateur Electronic Supply C-Cornm 
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Henry Radio Quement Electronics 
Madison Electronics LaCue Communications 
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R&L Electronics 
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Wm. M. Nye Co. Inc. 
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surplus 8-MHZ crystals measured 1230 HZ.' ~ a ~ w a r d  
reported 294 Hz for his 3.5-MHz crystals and 96 Hz for high 
quality 3.5-MHz crystals. 

SSB filter calculations 1 Tlo5 Tlo5 1217 

Design the SSB bandwidth filter (2.5 kHz) first, using the 
equations which follow. I took them from Hayward's article? 
The circuit shown in Figure 4 is a Butterworth three pole, 
tuned with series capacitors in the end loops. All capaci- 
tors and resistors have the same value. 2.5-kHz SSB fllter. 

L~ = - 19. (henries) 
A f 

Rend = 1 12:; "I - Rs (ohmsj (2) 

where B = desired filter bandwidth in Hz 
Fo = crystal center frequency in MHz 
Af = bandwidth measured in test circuit in Hz 
Rs = crystal series resistance measured in test circuit in ohms 

where: 
Cm and Lm are the equivalent series capacitance and 
inductance, respectively. 

1 used the equivalent circuit to compute the frequency 
response of the filters in this article aided by a PC c~rcuit 
analysis program.6 With 8 MHz as Fo, I calculated 
Cm = 0.0255 pF and Lm = 0.01552 H. The computed and 
measured response of crystal no. 3 in the 50-ohm test cir- 
cuit is shown in Figure 6. 1 also ran the analysis program 
for the SSB filter with and without the end loop tuning capa- 
citors. These results are shown in Figure 7. It appears that 
the tuning capacitors eliminate the dip in the center of the 
passband. They also shift the overall response 500 Hz 
higher on the low frequency side and about 250 Hz on the 
high frequency skirt. This narrows the bandwidth slightly. 

L~ c m  Ra 
O,O;;; <-;-- , 

CW filter calculations 

Using my crystals with Af = 1230 Hz, Fo = 8 MHz. The 
calculated values are C = 105 pF and Rend = 217 ohms. Crystal 

You can calculate the crystal's equivalent series c~rcuit 

A much narrower bandwidth is desirable for CW. I chose 
500 Hz, and using Equations 1 and 2, calculated C = 565 
pF; Rend = 21.8 ohms. Note that Haywardl recommends 
that the crystal unloaded Q (Qu) exceed the filter Q by a 
factor of 10. 

For my crystals, this wasQu = 28,900, A 500-Hz bandwidth 
at 8 MHz represents a filter of Q = 16,000, so a factor of 

I FREQUENCY (kHz)  I 
Test circuit response. 

7992 7996 8000 8004 8008 
FREQUENCY ( k H z )  

SSB filter, calculated data. 
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BNC 

FILTER ZOO-OHM 
270 UNDER METER 

TEST 

1 
220ohm trial network. 

I I 

Measurement setup with trial filter. 

M a i  filter. 

10 isn't possible with these low quality surplus crystals. 
There's barely a factor of 2 in this case. Nevertheless, with 

, tv~ical  Amateur resourcefulness, I used the crystals any- 

0 

O.CkHz cw filter. where Ro is the desired (SSB) resistance. This equation 

- -10 

!! 
z -20 
0 
a 
(0 

220 : 267 "TlT :7267 ;;220 

A - A - - - - 

. .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . .  . . . .  . . . .  
. . . .  - - .  f- "4 

Ay. As it turned out, they work just fine. ~owevek the inser- 
tion loss is somewhat high. 

to match that of the SSB filter with a shunt capacitor at the 
The calculated resistance for the CW filter is stepped up 

ends of the filter: 

Clnd = [ ' j9  I @ ]  x I/s -5 @F) (6) 
Ro Fo 

a 
-30 

-40 
8002 8004 8006 8008 8010 8012 8014 8016 

FREOUENCY (kHz) 

derived by Hayward lets you keep the termination resistance 
constant and switch capacitor values only when going from 

1 ' However, it didn't seem to have much effect at the 8-MHz 
CW filter, calculated data. frequency. 

SSB fllter, measured data. 

0 

-10 - 
m 
.a ; -20 
In s % -30 
lu a 

-40 

-50 1 I I I I I 
7998 7999 8000 8001 8002 8003 

FREOUENCY I ~ H Z )  
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SSB to CW bandwidths. 
The filter shape and insertion loss aren't changed by this 

impedance step up. For my crystals, Cend = 267 pF. The 
filter circuit and its computed response are shown in 
Figures 8 and 9. 

Trial measurements 
I verified the computed responses for both filters with the 

trial measurement setup shown in Photos D and E. I con- 
nected the crystals and capacitors for the SSB filter together 
on a piece of perforated circuit board by temporarily sol- 
dering the ends of their leads to the 220-ohm trial network 
(see Figure 10). This construction method leaves large 
inductive l o o ~ s  which could alter the filter characteristics. 
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Take measurements by first adustjng the signal generator 
for the peak response on the RF voltmeter. Add a fixed 
amount of attenuation with the step attenuator and note the 
new voltmeter reading. Then switch the attenuator back to 
0 dB and adjust the signal generator above and below the 
peak frequency until the RF voltmeter reading is at the level 
you noted. Read these two frequencies on the frequency 
counter. Any error In the RF voltmeter calibration is 
immaterial with this procedure. Accuracy depends only on 
the attenuator accuracy and frequency counter calibration. 

My step attenuator has 3,6, 12, 20,30, and 40-dB steps. 
The measured results for both the tuned and untuned 
(series capacitors shorted) SSB filter are shown in Figure 11. 
Correlation with the calculated data of Figure 7 IS very good. 

Now solder additional capacitors by their lead ends onto 
the SSB circuit to form the CW filter circuit. Figure 12 shows 

FREQUENCY (kHz) 

CW filter, measured data. 

Switched bandwidth Circuit. 

the circuit's measured response. Again, there's good corre- 
lation with thecalculated data(Figure9). The measurements 
alsoconfirm that low-Q crystals can be used to create narrow 
bandwidth filters. 

Constructing the switched filter 
In a high frequency receiver, you must be able to switch 

from an SSB to a CW bandwidth. The overall switching cir- 
cuit is shown in Figure 13. Six sets of switch contacts must 
close when going from SSB to CW. I used two four-pole 
push switches (GC Electronics catalog no. 35-492) and 
mounted them on a 2 x 2.5-inch piece of single-sided 
copper-clad circuit board. Two unused sets of contacts are 
available to operate indicator lights, adjust BFO frequency, 
or adjust the IF gain. As mentioned earlier, the insertion loss 
of the CW filter is about 8 dB greater than the SSB filter. 

Component placement 
Mount all components, Including the switches, on the 

copper foil side of the board. Insert the leads ~n drilled holes, 
which are countersunk on the top side if the lead connec- 
tion isn't connected to ground. This copper foil forms an 
excellent shielding ground plane. Insert component leads 
to ground into a drilled hole. Then solder the leads to the 
copper foil with a surrounding bead of solder on the top 
side. Interconnect the remain~ng component leads on the 
bottom side as required, to form the overall circuit. 

0 -COUNTERSUNK HOLE 
x -DRILLED HOLE 
C - CRYSTAL 

MOUNTING 
HOLE (4 

Component locations. 
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Component locations 
Component locat~ons are shown in Figure 14. Drill four 

larae corner holes for mountina the filter behind the front 
paiel in your receiver, Use shortlengths of miniature coaxial ' 
cable for the input and output connections. Use a small 

Heavy Duty switch for tru 
piece,cut from 114-inch PlexiglasTM to form a single push- I KW POWER - 2 KW P.E.P 
button which lets you operate both switches simultaneously. :eramic with Coin Si 
Glue it to the push switches with plastic pipe cement. If you 
look at Photo F, you'll notice that I used two dipped silver 

Switch Contacts 
Single Pole. 3 Position. mica capacitors where you might expect to see one. There's *L*- Desk or wall mount 

no magic here. I didn't have the correct value on hand and AII unused positions grounded 
made it up with two other capacitors. There's no need to ~ C S ~ G  - UHF connectar I $36.50- 
match capacitor values exactly; I didn't even attempt to do ~CS~GBNC - B ~ C  connectar I $43.95. 
so. I simply soldered in standard value silver micas. Solder 
a shield between the two switches made from a 314 x 1-112 
inoh piece of the single board stock. Ongle pole. s Position. 

All unused positions grounded 

+c rCSdG - UHF correctors / $46.50. 

Completed switchable bandwidth filter. 

Final check 
A final check of the switched filter duplicated the results 

measured in the trial construction. Even though the 
component lead length was considerably shorter, and there 
was shielding provided by the copper planes, I noted no 
differences. 
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Simple Circuit 
Prevents Amplifier 
Control Relay Failure 
The switching requirements of many 
linear amplifiers exceed the current 
rating of the relay in the driver stage. 
Immediate or premature relay failure 
can result when the contacts stick in 
the closed or transmit condition. 

Once you've replaced the relay in the 
radio, your choices are buying an inter- 
mediate relay assembly (if you can find 
one), providing your own relay and wir- 

Simple hard-re for providing protection to 
linear amplifier control relay. 

a coil is related to the rate of chanae 
of the current running through it.) - 

I tried several different transistors 
and recommend MPSA44s or 
MPSA45s for switching negative 
voltages and 2N6519s or MPSA92s for 
switching positive voltages. The tran- 
sistor receives all its current from the 
linear switch line and operates in satu- 
ration mode with less than 1 volt from 
emitter to collector, so very little power 

ing, or assembling a solid-state switch, is dissipated. High voltage NPN tran- 
After looking into all the alternatives, sistors have higher gain than similar 

I found my own solution. ~t's really quite PNP transistors. This means the radio's 
simple. All you need is one transistor, relay is presented with one-fifth the 
an RCA terminated patch cable, a strip switched Current with PNP transistors 
of metal, and some heatshrink tubing and about one-twentieth the Current 
(see Photo A). with NPN transistors (which I used). 

The transistor Construction 
You'll need an NPN transistor for Drill two holes in each end of a 318 

switching negative voltages or a PNP X 3-inch aluminum strip. Glue the tran- 
transistor for switching positive "01- sistor to the center of the metal strip 
taps, as required by your amplifier. with silicone seal. Cut the patch cable 
The ideal transistor should have a low in the center and strip the wires for sol- 
collector saturation voltage and be a dering. Stuff the stripped ends through 
high voltage switching type, Linear the outer holes first. and then through 
amplifiers seldom have transient sup- the inner ones to provide attachment 
pression diodes on the relay coils. This to the metal strip. Solder the wires to 
causes spikes of many times the the transistor for the circuit in Figure 1. 
supplied voltage when the radio's relay If You were thinking ahead, you've 
opens. (Remem ber the voltage across already stuffed the heatshrink onto one 

of the cables so you can slide it over 
the assemblv and shrink the tubinn for 

LINEAR 
AMPLIFIER 

DRIVER POSITIVE 
AMPLIFIER F 

VOLTAGE 

RELAY 

LINEAR 

DRIVER NEGATIVE 
AMPLIFIER VOLTAGE 

RELAY 

- 

S9lid-state switch protects relay In driver ampllfler. 

protection. For added protection, Gver 
the transistor and connections with sili- 
cone seal. I shrunk a small band on 
the linear's end plug, using blue for 
positive voltages (PNP) and black for 
negative voltages (NPN). 

The switching cable is quiet and fast. 
It's simple to install and leaves your 
accessory socket free. You might con- 
sider using it to increase relay life, even 
where immediate or premature failure 
isn't evident. 

The assembled N07G+ or N07G- 
cable is available for $15 plus $2 ship- 
ping and handling. Send your requests 
to me at 525 26th Avenue S., Seattle, 
Washington 98144. 

David Smith, N07G 
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Stop Your TH3 Junior Drooping 
Recently I took possession of a TH3 5/32 inch and is tied off outboard of the 
Junior Yagi which was looking rather 15-meter traps (see Figure 2). Allow 
tired. I tried the old method of giving the rope to stretch under tension 
the tubing in the the elements half a before putting the Yagi on the tower. 
turn and, although it looked better, it Perhaps this idea could be 
still drooped. employed on the bigger Yagis if you 

I made up three tubes(as in Figure 1) use stronger materials. It works well on 
using the bolt in place of the anchor the TH3 Junior and deters large birds 
bolt in the element-to-boom bracket. from perching on the elements. 
The dowels are 518 inch in diameter By Arthur Brean, VKGSY 
and 12 inches long. Reprinted w~th permission from Ama- 

The braided rope (nonconductive) is teur Radio, January 1989. Ed. 

m- 5 B '  DIA. DOWEL 

-5/8' ID x 2' N B E  

DETAIL OF 'A* 

- - -S ILVER BRAZED JOINT 

-1/4' X 5/8' SCREW 

Boom-to-bracket element. 

- 4mm BRAIDED ROPE 

Braided rope (nonconductive) tied off outboard of the 15-meter traps. 
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INEXPENSIVE HALF-WAVE 
2-METER 
MOBILE ANTENNA 
By Glen Noble, WE7C, 4840 Schindler Road, 
Fallon. Nevada 89406 

I needed a 2-meter mobile antenna, so I thought: "Why 
not build it myself? How hard could it be, anyway?" A 
search of the garage yielded an old gutter-mount CB 

antenna which could provide a mount and coax, but the 
whip looked hopeless for 2-meter use. 

The hardware 
I went to Radio Shack to look for a suitable whip and was 

pleasantly surprised when I found a stainless steel CB wh~p 
exactly the right size for a half-wave 2-meter antenna. 

Now that I had the new half-wave whip and the old CB 
gutter-mount frame, my project wason a roll. While browsing 
at Radio Shack, I discovered that gutter-mount frames and 
other styles, like mirror mounts and single-hole types, were 
available at low cost without attached CB antennas. 

The impressive performance of my AEA "Hot Rod" half- 
wave handheld antenna heightened my enthusiasm for this 
project. I completed my design after consulting the RSGB 
VHF/UHF Manual.1 It showed me how to turn my growing 
collection of part:; into a usable antenna by adding a coil 
of wire and a small capacitor. 

How it works 
The main obstacle when building a half-wave whip 

antenna lies in matching its high input impedance to 50 ohms. 
Because the input impedance is high, you can't simply 
connect one end of the coax to the whip while grounding 
the other end, as you would for a quarter-wave antenna. 
However, if you atid a six-turn coil tapped at two turns, along 
with asmall capacitor, you can form a matching network that 
transforms this high impedance to the required 50 ohms. 

The coil is the principal means of transforming imped- 
ance; the capacilor compensates for a reactive component 
introduced by the coil. Figure 1 shows the connections and 
parts used. The resulting antenna has good bandwidth and 
covers most of the 2-meter band with acceptable VSWR. 

1 1/2-WAVE WHIP I I / % -  WAVE WHIP 

WHlP MOUNTING 
ADAPTER R S f 2 1 - 9 5 2 )  

NOTE: 
PART NUMBERS (RS) 

IVER :::ARoM 

GUTTER MOUNT 
CLAMP US (21 -911)  

C I :  10-15 pF SOOV MICA CAPACITOR 
L l :  6 TURNS No.18 WIRE TAPPED AT 2 TURNS. 3 /8 'D IAMETER FORM. 1 l /4 '  LONG 

Pictorial and electrical schematic of the 2-meter half-wave antenna. 
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Matching coil is located under the mount to inhiblt radiation. 

When building this antenna, I did deviate from the usual 
construction methods by locating the matching coil under 
the mount, where it can't radiate (see Photo A). This coil 
is usually placed above the mount, where it can contribute 
to signal strength on both transmit and receive. However, 
casual comparisons of this antenna with my AEA "Hot Rod,'' 
with the coil above the mount haven't revealed any major 
differences. Installing the coil under the mount does sim- 
plify construction significantly. 

It's interesting that the half-wave antenna is thought to 
perform better than a 518-wave whip when a good ground 
plane isn't available. This could be quite helpful on a gutter- 
mount antenna, where half the ground plane is missing. 

Construction 
The stainless steel CB whip, Radio Shack part no. 21-952: 

provides the 39.inches necessary for a half wave on the 
2-meter band. My gutter mount was an old Radio Shack 
CB antenna similar to the current part no. 21-909. These 
parts cost about $6 each. 

Start your construction by modifying or fabricating an 
insulating washer to insulate the base of the whip from the 
top of the mount. A similar washer is needed to insulate 
the nut and lug from the bottom of the mount. The top 
washer of my gutter mount had a lip that I fitted into the 
mounting hole to center the whip in the opening. The bot- 
tom washer was a typical flat plastic one. I had to thin these 
washers so the 10-32 threads on the whip would extend 
far enough through to allow me to attach a nut. I used a 
thin blade saw to cut one of the washers in half; you can 
also sand or grind them down. You may have to make these 
washers if you can't salvage them from a used antenna. 

Next, wind the coil on a 318-inch diameter wooden dowel 
form. You need six turns of no. 18 wire, 1-114 inches long, 
with a tap at two turns. The series capacitor doesn't appear 
to be critical in terms of capacitance. The RSGB manual 
suggested 15 pF, but the 10 pF I had available worked fine. 

' R e p l a c e s  Radlo S h a c k  p a r t  n o s  21.904/9081940 Ed 

Finally, wire the assembly as shown in Figure 1. 
Adjust the completed antenna for minimum VSWR. You 

can do this by compressing or expanding the coil turns, 
as well as adjusting the whip length. When you're satisfied 
with the VSWR over the band, use epoxy glue to cement 
the coil turns firmly in place and waterproof the wooden 
dowel form. It's worthwhile to monitor the VSWR when 
attaching the coil, as the epoxy may have a slight effect 
on the VSWR. Tweak the coil, if necessary, to optimize the 
VSWR before the epoxy hardens. 

After the epoxy hardens, use a dab of silicone sealant 
io hold the whole coil in place and waterproof the coax. 
It's a good idea to leave a little extra whip length within the 
mounting adapter. This will allow for some adjustment when 
you mount the antenna on your the vehicle, or if the seal- 
ant has any effect on your VSWR. Photo A shows the 
completed antenna. 

Closing remarks 
With all the half-wave whips and mounts available, and 

all the used CB antennas lying around, it's easy to build 
VHF mobile antennas. It should also be possible to con- 
vert an AMIFM antenna usina this aDDr0ach. The Radio 
Shack half-wave whip screwsTnto the base of the AMlFM 
antenna on my Toyota. The addition of a coil and capacitor 
at the base of the antenna in the fender well should pro- 
duce good results on 2-meters. 

The only real problems in converting CB antenna parts to 
VHF mobile use appear to come from adapting the various 
mounting thread sizes and the possibility of molded-in base 
loading coils. 

Next time you need a VHF mobile antenna give this 
approach a try. In less than a day you can have the 
satisfaction of homebrewing a quality antenna using 
inexpensive, readily available parts.Q 

REFERENCES 
1 G R Jessop. G G J P ,  VHF/UHF Manual. F o u r t h  E d ~ t l o n .  R a d i o  S o c t e l y  o f  G r e a t  B r ~ t a t n .  1985. 
page 833 
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By Bill Orr; W6SAI 

THE MN ANALYSIS 
PROGRAM 
THAT WAS THEN. f HIS IS NOW) 

In 1935 Marshall Mims, WSBDB, 
described a startling new beam 
antenna concept in QST magazine! It 
was a two-element rotatable Yagi made 
of aluminum tubing elements. The 
antenna had remote control rotation 
and a direction-indicating system. 
Nothing like it had ever been seen 
before in Amateur Radio! 

The Mims beam took over a year to 
perfect; four designs were built and 
discarded. Number five worked, after 
a fashion. Number six seemed better. 
By the seventh model, the beam was 
ready for action. It had quarter-wave 
spacing between the driven element 
and the reflector, and provided about 
2.7-dBd gain and a front-to-back ratio 
of 10 dB. 

Or so Mims thought. Running his 
1935 design through a modern 1989 
computer program shows that the 
pioneering ham band Yagi provided 
4.3-dBd gain and a front-to-back ratio 
of about 12 dB. Mims made a pretty 
good beam and an excellent guess 
about its characteristics. His data was 
based upon measurements made by 
interested hams, using the S-meter of 
their receivers. (Editor's note: Actually, 
"R-meters" were used In those days.) 

Antenna design and measurement 
techniques had a crude and shaky 
beginning but were refined over the 
decades. What was once thought to 
be rather routine field measurement 
proved quite tricky and complicated if 
reproducible antenna measurements 
were desired. Over the years the 
military and manufacturers built some 
large and expensive antenna ranges 
to measure the characteristics of HF 
and VHF antennas, but Amateur 

Ham Radio 
Techniques 

antenna measurements were rough- 
and-ready. 

The computer enters 
the picture 

The advent of the powerful digital 
computer soon provided a new insighr 
into antenna operation. In 1968 an 
analysis technique known as "moment 
methods" was publicized.2 This 
scheme dealt with the investigation of 
electromagnetic fields using computer 
techniques. Those who remember 
their high-school integral calculus will 
no doubt recognize the concept. But 
the new idea didn't catch fire until com- 
puter power was generally available at 
low cost. 

The moment method provided the 
know-how to translate theory into prac- 
tice. The job at hand was to provide a 
good computer analysis program for 
transmitting antennas. 

The birth of the home computer 
brought a new level of antenna analysi:;. 
Some computerized methods for cal- 
culating antenna properties were 
based upon FORTRAN programs 
which used simple approximations for 
mutual and self-impedance to calculate 
element currents in arrays. The magni- 
tude and phase of the element cur- 
rents were then combined to produce 
moderately accurate radiation pattern:;. 
One of the most popular and well 
known of these programs was outlined 
and used by James Lawson, W2PV, in 
his series of articles3 and his book 
Another contributor to this field was 
Stanley Jaffin, WB3BGU.5 

About the same t~me, the Lawrence 
Livermore Laboratory at Livermore, 
California was manipulating a different, 

more powerful antenna analysis pro- 
gram - Numerical Electromagnetic 
Code (NEC) - a mainframe program 
which would be used to analyze elec- 
tromagnetic fields.6 

A derivation of the program 
(MININEC) was refined at the Naval 
Ocean Systems Center, Point Loma, 
California. It applied specifically to 
antenna analysis using IBM personal 
computers. Unfortunately, it wasn't user 
friendly and was too complex for every- 
day Amateur use. Even so, it was a 
gigantic step in the right direction. 

The KGSTI MN antenna 
analysis program 

Brian Beezley, KGSTI, took the 
MlNlNEC program and modified it for 
general Amateur work. He retamed the 
original antenna modeling algorithm 
but optimized the code for higher 
performance. He then massaged the 
program to make it more applicable to 
Amateur service. The latest version of 
K6STl's program, MN 2.0, IS the sub- 
ject of this column. 

The MN approach to antenna analy- 
sis can be illustrated by considering a 
straight conductor, like the dipole 
shown in Figure 1. The dipole is broken 
into segments for examination. The 
number of segments depends upon 
the complexity of the antenna and may 
be chosen by the user. In this case, ten 
segments are used. More segments 
would give higher accuracy to the 
computations, but would also increase 
computer time. 

Each pair of wire segments defines 
a rectangular current pulse. As shown 
in the illustration, the current is 
modeled as uniform within each pulse. 
The current pulses are centered on 
segment boundaries and are the same 
length as the segments. The amplitude 
of the pulse closely approximates the 
amplitude of the current in the dipole 
at that point, aslong asenough current 
pulses are used. The collection of 
pulses approximates the dipole current, 
which in this case is the classic half 
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speclal sizes, call our crystal 
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Manufacturing Co., Inc. 
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H A L F -  S INE WAVE 
OF DIPOLE 

I SEGMENTS I 
A plot of current in a dipole. The dipole is divided into ten segments, with nine full pulses 
centered on the segments. Half-pulsesexist at ends of the dipole. The feedpoint is between 
segments 5 and 6 (pulse no. 5). 

ANGLES 
- - - - - -  

,- AZIMUTH 
, ANGLES , 

I I 

The X-Y-Z coordinate system. Three dimensions are shown. X-Y are vertical planes. Scale 
drawing of antenna may be placed anywhere in this frame of reference. 

sine wave. A half pulse of zero current 
is placed at each end of the dipole; 
thus, there are ten segments and nine 
full pulses along the wire. 

Figure 1 shows the picture of the 
wire that the MN program examines. 
However, certain restrictions apply. The 
wire is always straight. A bent wire is 
modeled by connecting two straight 
wires. Wires which cross or terminate 
at midpoints of other wires are 
modeled by defining separate wires 
which join. Connections are allowed 
only at wire end points. 

The antenna feedpoint must be 
defined at a pulse. You can place the 
feedpoint where desired by specifying 
the correct number of segments in the 
wire. After doing it once or twice, you can 
almost make this placement by intuition. 

Once all the data for an antenna is 
entered into an antenna file for the MN 
program, you can quickly determine 
antenna gain, front-to-back ratio, side- 
lobe level, beamwidth, feedpoint 
impedance, and vertical angle of radi- 
ation. These parameters once took 

hours of calculation or tedious field 
strength measurements to characterize. 

As for the nitty-gritty of the program, 
let's run an exercise with MN on a 
three-element, 20-meter Yagi beam. 

The antenna 
design program 

You must define the antenna in 
terms that the MN program under- 
stands. Those who studied descriptive 
geometry in high school will grasp the 
idea immediately. Even if you didn't, 
you'll have no trouble picking up the 
procedure. 

An X-Y-Z Cartesian coordinate system 
is used to refer to points in space (see 
Figure 2). The antenna is placed in this 
system. X and Y are the coordinates 
in the hor~zontal plane; Z is in the verti- 
cal plane. Think of the dimensions as 
X = length, Y = width, andZ = height. 
An antenna may be placed in the coor- 
dinate system in any position, but a 
directional antenna, like a Yagi, should 
be "aimed" in the +X direction. For 
convenience, the center point of the 

20-Meter Yagi Antenna 
Boom 21.4 feet 
Reflector 34.64 feet 
Dr~ven Element 33.2 feet 
D~rector Element 31.34 feet 
Element Diameter = 1 inch 

driven element is sometimes placed at 
the center of the coordinate system 
(X = 0, Y = 0 , z  = 0). 

The sample antenna is a Yagi of con- 
ventional dimensions as listed in 
Table 1. The Yagi is placed in the coor- 
dinate system shown in Figure 2. It's 
analyzed in free space so only the X-Y 
plane is required. The boom extends 
along the X axis and the elements fall 
along the Y axis (Figure 3). 

Now that you've established the 
reference frame, you must describe the 
specific end points of the elements. 
The Yagi dimensions (in feet) are 
known, as are the end points of the ele- 
ments. The midpoint of each element 
falls on the X = 0 axis and the end 
points fall in the +Y and -Y areas of 
the graph. For example, the reflector falls 
at a distance of X = -10.7 feet from 
the center point of the graph, the 
driven element is placed at X = - 1.28 
feet from the center point, and the 
director is placed at X = +10.7 feet 
from the center point. This adds up to 
a 21.4-foot boom. 

The reflector is 34.64 feet long; each 
half is 17.32 feet long. One end point of 
the reflector, which falls in the +Y quad- 
rant, is labeled Y = +17.32 feet; the 
other end point, which falls in the -Y 
quadrant, is labeled Y = -17.32 feet. 

The same sequence is followed by 
the end points of the driven element 
and the director. All the resulting end 
point plots are shown in the illustration. 

All that remains is to tabulate the end 
points and choose the tubing diameter 
of the elements. One-inch tubing was 
chosen here for simplicity, although 
tapered telescoping elements may be 
modeled as well. The end points con- 
verted to our coordinate system are 
shown in Table 2. MN next needs to 
know the number and locations of 
feedpoints (sources), and the number 
of segments in each element. 

Ten segments are chosen for each 
element. This determines the number 
of pulses per element. The number of 
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The X-Y coordinates of element ends. 

Element End point no. 1 End point no. 2 
Coordinates Coordinates 

X Y Z  X Y Z  
Reflector -10.7 -17.32 0 -10.7 17.32 0 
Driven -1.28 -16.6 0 -1.28 16.6 0 
D~rector 10.7 -15.67 0 10.7 15.67 0 

are nine pulses in the reflector. There 
are also nine pulses each In the driven 
element and in the director. The source 
is located by counting the pulses, start- 
ing at one end of the first element of 
the antenna. In this case pulses are 
counted starting with the reflector, fol- 
lowed by the driven element. That is, 
nine reflector pulses plus one-half the 
number of driven element pulses 
s~eci fv the source. This falls at pulse 

REFLECTOR +I 

-- 

The 20-meter beam laid out in X-Y coordinates. 

Antenna data file for input to MN. Line numbers are for reference only and 
shouldn't be in the final file. 

3 element 20-meter Yagi 
Free space 
14.175 MHz 
Three wires, feet 
10 -10.7, -17.32, 0 -10.7, 17.32, 0 0.083 
10 -1.28, -16.6, 0 -1.28, 16.6, 0 0.083 
10 10.7, -15.67, 0 10.7, 15.67, 0 0.083 
1 source 
14 
0 loads 

were chosen for the driven element, 
the feedpoint would be off center.) 

Thus, the antenna has one source 
and the feedpoint is at pulse number 
14. There are no loads in the antenna 
(inductors, capacitors, or resistors), so 
this portion of the MN file may be left 
out. It would be used if a triband Yagi 
with traps were being modeled. 

Into the computer! 
Are you with me? Now that we have 

all the information in hand, all that 
remains is to use an ASCII text editor 
or word processor to place it in a com- 
puter file in the stylized form shown in 
Table 3. Line numbers have been 
added for reference, but they shouldn't 
be in the final file. 

Line 1 specifies a title for the 
antenna. This one is the "Three- 
element 20-Meter Yagi." Line 2 tells 
whether the antenna is in free space 
or modeled over the ground. I've 
chosen free space for this example, so 
MN looks for those words. If we had 
specified a Z dimension (like +45) to 
all elements, it would indicate that the 
antenna is 45 feet in the air. 

Line 3 specifies the analysis fre- 
quency. In this case it will be 14.175 
MHz, the center of the 20-meter band. 
Line 4 tells the number of "wires," or 
elements, and the unit of measure- 
ment. We're using three elements 
measured in feet. This completes the 
introductory phase. 

Now to the element specifics. Three 
computer lines are required (lines 4, 5, 
and 6), as there are three elements in 
the antenna. Each line (starting with 
the reflector) specifies the number of 
segments, the X, Y, Z coordinates of 
the wire (element) tips, and the wire 
diameter (chosen as 1 inch or 0.083 
feet). 
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Azimuth plot of four-element Yagi by MN program. 

MN plot of two-element #gf shows good gain but poor front-to-back ratio. In comparing 
Figures 4 and 5 note that the gains for 0 dB (shown in the lower left) are different. 

Line 5 lists the number of segments 
(lo), the coordinates of the left and 
right-hand tips of the reflector, and the 
element diameter in feet. Lines 6 and 
7 list the same for the driven element 
and director. Line 8 specifies the num- 
ber of sources (1) and line 9 gives the 
drive pulse number (14). Line 9 can 
also set the applied voltage and cur- 
rent. But these values are optional and, 

if not entered, the computer picks a 
nominal default value to make things 
work out. Because there are no loads, 
line 10 is left out. 

The MN program allows dimensions 
in feet, inches, millimeters, etc. and 
permits wire gauges to be used for ele- 
ment diameter. We needn't concern 
ourselves with these items now. 

The completed antenna file is 

entered into the MN program, which 
is ready to run. I'II discuss the running 
of the MN program and show the 
results of this study in my next column. 
Editor's note: There have been 
instances of (earlier versions) MN fail- 
ing to load. This is characteristic of any 
big program wh~ch won't fit into avail- 
able memory When sufficient memory 
is provided, MN runs normally The cur- 
rent version gives the message 'but of 
memory" if it detects too little space. 

Antenna comparison 
with MN 

MN can come up with some surpris- 
ing answers. It's interesting to observe 
the power gain and field plot of a 
popular 20-meter four-element Yag~ on 
a 26-foot boom. DXers favor this 
antenna. MN shows that the power 
gain of this array is 5.93 dBd with a 
front-to-back ratio of 27.17 dB at the 
design frequency. The field plot is 
shown in Figure 4. 

A two-element 20-meter Yagi on an 
8-foot boom is shown in Figure 5 for 
comparison. The power gain at the 
design frequency is 5.05 dBd and the 
Iront-to-back ratio is 6.37 dB. 

Consider that the boom of the four- 
element array is 18 feet longer than 
that of the little two-element beam. 
What did the extra 18 feet achieve? The 
big beam has a gain of only 0.88 dB 
over the small one. The real advantage 
is in front-to-back ratio - a whopping 
increase of 20.8 dB! 

If you're only interested in power 
gain, it's a waste of space, time, and 
money to put up the big array. But if 
you need front-to-back ratio, there's no 
doubt as to which antenna is the logi- 
cal choice. 

After running various antenna 
designs on the MN program, I find it 
has proven decisively what I had 
known intuitively for many years - 
there is no free lunch. Bigger antennas 
are generally better in most respects 
than small ones. When you optimize a 
design for one characteristic (say, max- 
imum gain), you suffer in another area 
(poorer front-to-back ratio or band- 
width). The "optimum" design depends 
upon your definition of optimum. 

Fortunately, there's a computer pro- 
gram which can help you make some 
difficult optimization decisions. I'II dls- 
cuss this interesting program "further 
down the log." 

Ham Radio/February 1990 39 



The "Dead Band" quiz - 
The winner is: K2KQU! 

"A snowplow begins to clear a road- 
way at noon on a day during a steady 
snowfall. The plow moves two miles 
during the first hour and one mile 
during the second. What time did the 
snow begin to fall?" 

This brain buster from Andy Loomis, 
KEBUL, really stirred up a mathematical 
storm! Andy found the problem in a 
C.R.E.I. electronics course text illustrat- 
ing the use of differential equations. 
Runner-up Bob Phelps, NB7G, found 
the problem in Differential Equations 
by Agnew, 2nd edition, McGraw-Hill 
Book Company, New York. As Bob 
points out, the solution doesn't require 
the use of differential equations, but it 
does require calculus. Bob gets 
honorable mention for his concise 
explanation of the mathematics of 
snow plows and his insight into 
snowstorms. 

Those snowplow drivers who real- 
ized that the speed of the plow at any 
instant is inversely proportional to the 
snow depth at that instant were on the 
right track! 

Chief snowplow driver: 
Al Cohen, K2KQU 

The snowfall began at 11:22:55 a.m., 
or 0.618034 hours before noon. Al 
notes that of all the quant~ties involved, 
only one (the snow depth) is a linear 
function. He says if the information 
given is placed in graph form, it's easy 
to jump to the conclusion that a graph 
of these points would place the start- 
ing time of the snowfall at 11:OO a.m., 
provided the plow moves 2 miles the 
first hour and 1 mile the second. Not 
so! The real graph of progress is a 
curve, not a linear function. Further, the 
speed of the plow is inversely propor- 
tional to the depth of snow, and the 
plow moves equal volumes of snow in 
equal periods of time. 

Calling the speed V, the situation is 
expressed in the following form: 

where t is the hours after noon and H 
is the hours before noon when the 
snowfall began. C is the rate of snow- 
fall (a constant). K is a second constant 

which, hopefully, will disappear during 
the calculations. 

Speed is related to distance traveled 
by integration over the time period, so 
Equation 1 can be converted to an 
equation in "Xu by integrating both 
sides: 

t 1 
Because distance is the integral of 

speed, the integral of V from tl to t2 is: 
(X2 - XI). 

On the right side, the integral of dtl(t 
+ H) is the natural log of t + ti. 
By simplifying: 

By further manipulation - substitut- 
ing the given data for tl and t2, and 
remembering that two times the log of a 
number equals the log of the square 
of the number - K drops out along the 
way, the logs drop out, and the result is: 

l + H  ( 2 + H )  2 

-= H [ ( I  + H ) ]  (4) 

Expanding and clearing terms, the 
final formula is: 

@ + H - 1 = 0  (5) 
where H = number of hours before 
noon. 
This can be solved by the quadratic 
formula to obtain: 

which yields H = 0.618034 hours before 
noon, or 11 hours, 22 minutes, and 
55.078 seconds. 

A1 points out that Equation 5 and the 
value of H look familiar. The number H 
is one less than its reciprocal, which fol- 
lows directly from dividing Equation 5 
by H: 

This is the "Golden Ratio" of Greek 

architecture - the ratio of length to 
width that's said to produce a rectangle 
most pleasing to the eye. 

Finally, Al considers the "Fibonacci 
Series," a series of numbers that begins 
with 0,l. Each term thereafter is the sum 
of the two terms before it: 

0,1,1,2,3,5,8,13,21,34,55,89.. .... etc. 
As this series gets longer, the ratio of 

two consecutive terms gets closer and 
closer to the "Golden Ratio" and to the 
term H in the snowplow problem. As 
interesting sidelights, the truncated 
series of only 12 terms hasconverged to 
55/89 = 0.61798 and the 15th term 
of the series, 377, is the impedance of 
free space. 

Al says this mysterious series of num- 
bers shows up repeatedly in nature in 
such places as the pattern of markings 
on animals and the radial directions of 
bud sites on tree twigs! And, in some 
fashion, it also describes the physics of 
plows slogging through steady snow- 
falls! 

Congratulations to Al Cohen, 
K2KQU, winner of the Dead Band quiz 
on snowplows! 

Additional congratulations go to tfle 
following people who calculated the 
correct time: KBNT, KlKG, KGMV, 
NB7G, KOIXH, WD8KBW, AE2P, 
W4ZPS, W21MU, KDSCM, WA2BSRl 
WBIGQU, KIGWX, K5RA, KBIFZ, 
NJ2P, KAIRCV, WGEL, G3RUH, 
W7HGS, and AHGHU. 

Others who came close are: K51U, 
KZOY, N4HUR, N4TXY, K7FC, NV7X, 
KSMFI, KA7D, WSWSS, KNGW, 
A12S/NW21, NBIBA, K4EF, N4TMI, 
WE8J, W7XUl0, WGTAD, NBICS, ND60, 
WEOF, W4UGW, W3EBY, NQQV, K4KC, 
KA5MXX, KSAY, WIBG, KBBDON, 
KD8KF, KSESV, KC8RF, NSDEO, 
WGEBY, K4ZLE, N2DT, KJGGR, 
WAlS00, W08E, NGNS, NF7J, 
WBGJZY, K4WV, WBGLPS, KA8D, KIBF, 
KCGP, KB4LJV, K17L, W7TLK, 
KA3ENQ, AAZV, WlBG, AAGCT, 
and WGJRZ. 

Thanks all! I hope you enjoyed this 
little quiz. 
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Receive pages 
from your 
home station 

By Roger Owens, AA4NX, 2042 Old Big Cove 
Road, Owens Cross Roads, Alabama 35763 

M y Personal Message Center (PMC) functions as a 
reverse autopatch, without the phone line, when 
connected to a radio transceiver. 

Tmnsmit page mode 
I designed the PMC so I could receive pagesfrom my home 

station. If another ham operator wants to reach me, he presses 
the "page" button on the PMC. This initiates a CW message 
(for example, AA4NXIRMT), which is generated every 10 
seconds and stored in EPROM. If I don't respond within ten 
pages, the PMC terminates the call. If I'm available, I answer 
the page by entering atwo-digit preselected access code. The 
code terminates the CW message, letting me activate the 
push-to-talk line to the transceiver. The microprocessor of the 
PMC does all the housekeeping functions. It doesn't allow PTT 
from the radio to be active for over 30 seconds at a time, and 
it identifies the station every 15 secondsof activity time on the 
transmitter. The call is terminated if the transmitter times out 
or the control operator enters a # sign. 

Once the call termination (#) is received, the PMC identi- 
fies the station (AA4NXISK) in CW, and disables the PTT to the 
transmitter. Two indicator LEDs operate during the page 
mode. One is the page LED, which blinks at a 1-second rate 
during the page mode. This tells you the device is active. The 
other LED, the PTT indicator, turns on whenever the PMC acti- 
vates the radio transmitter. 

Receive page mode 
The PMC can also receive page commandsfrom a mobile 

station. Enter your accesscode followed by the command * l .  
Thisactivates the "callme" LED indicator which blinksat a 1- 
second rate, and a beep tone which is on for a second and 
off for asecond. The PMC remains in thismode until it receives 
another *1 command or someone at the home station pushes 
the page button. Either of these commands terminates the 
callme LED and the beep tones. If the mode is terminated 
because the page button isactivated, the PMC goes to trans- 
mit page mode operation. 

DTMF squelch 
The PMC acts as a DTMF controlled squelch. A set of relay 

contacts plugs into the external speaker audio jack, breaking 
the audio line. The DTMF squelch isactivated any time avalid 
access code is received, and during all operating modes. 

Remote site operation 
If you need to make field measurements (after installing a 

new antenna system, for instance), you can access the PMC 
from your mobile or handheld using remote site operation 
mode. Activate this mode by entering your access code fol- 
lowed by *O. When the command isaccepted, the PMC will: 

Activate the transmitter for 5 seconds of dead air time. 
Send the CW message AA4NXlRMT. 
Allow an additional 5 seconds of dead air time. 
Send the CW message AA4NXlSK. 

After performing these tasks, the PMC returns automatically 
to its idle state. 

User activated ports 
The PMC has four DTMF-activated outputs capable of con- 

trolling external devices. These outputs are for driving relays, 
etc., and are active high. To activate these ports enter your 
access code, followed by *2, *3, *4, or *5. To deactivate, repeat 
this step. 

Radio interface 
Bringing the receive audio out from your radio to the PMC 

requires just one rnodification. The best place to tap the audio 
is at the input to the volume control. At this point the audio 
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6) years and still 
serving the amateur's 
needs..now two more fine 

Now you have 
choice of f ou r high i 500 w PEP nominal output SSB and CW. 1000 Watts ICAS. 

RTTY, and FM, covering the 3.5 to 30.0* MHz frequency range. 
q u a 1 ity H F desk Nominal gain: 15 to 20 times input drive Tube complement con- 

sistsof one remarkable new Eimac3CX-1200 D7 ceramic triode. It 
models providing uses a pi-L plate circuit with a silver plated tank coil for maximum 

efficiency and attenuation of unwanted harmonics. 
the performance 

2KD STANDARD.. .new to the Henry line 
and re1 ia bi l ity YOU smaller than the2KD Classic and with a slightly lower  ower rout- 

put, but still the same rugged construction, the same superior have come to components, the same dependability. The 2KD Standard is a 
1200 W PEP nominal output SSB, CW, 750 W RTTY FM RF linear expect f ram a covering the 3.5 to 30.0* range. It uses a Pi-L plate circuit with a 
silver plated tank coil for maxlmum attenuation of unwanted har- Henry Am PI if ier monics. Its tubecomplement consistsof one Eimac3-5002 qlass - - 
envelope triode in a grounded grid circuit. 

r 
The Hen y line of amplifiers also offers 

four very heavy duty HFfloor consoles in addi- 
tion to several UHF and VHF models. In all we 
nom offer 15 different amplifiers. . .more than 
any other manufacturerthat we know of. Oneof 
them has to be just right for you. 

In addition to our broad line of amateur and 
commercial FCC type accepted amplifiers 7ue 
offer special RF pozuer generators for industrial 
arid scientific users. Call or write Ted Shannon 
for full irlformation. 

3KD PREMIER 
The same superb specs as the Classic, BUT with the addition of 
160 meter operation and QSK break in keying. Both the Premier 
and the Classic desk models are no nonsense.. .no compromise 
amplifiers that will please the most discerning amateur for many 
years to come. 

2KD CLASSIC 
A proven desk top workhorse providing full legal power. Uses two 
Eimac 3-5002 glass envelope triodes plus a full complement of 
topquality components. And, as with all Henry amplifiers is back- 
ed by an enduring history of the most reliable equipment available 
for the amateur market. 
' 1  0 melers ava~lable on export models only 

For additional Information on these and the rest of the fine line of 
Henry amplifiers please call or write tor our new information 
packet 

2050 S. BUN DY DR. LOS ANGELES, CA 90025 (21 3) 820-1 234 
Toll tree order number: (800) 877-7979 TELEX: 67-3825(Henradlo) FAX (213) 826-7790 



Schematic of the Personal Message Center. 

remains constant, regardless of the volume control setting. 
Plug the DTMF squelch into the external speaker jack. 

Place a normally open switch (SW1) in parallel with the DTMF 
squelch relay contacts. To monitor the frequency, simply close 
the switch. 

The transmitter audio line is unbroken from the microphone 
to the radio. Feed the Personal Message Center CW audio 
parallel with the microphone audio. This is a capacitively cou- 
pled output; it should not affect normal operation. 

Break the push-to-talk line and feed it to a DPST switch 
(SW2). Attach one side of the switch to the PMC push-to-talk 
input. Connect the output relay contacts of the PMC to the 
push-to-talk input on the radio. Thisgives push-to-talkcontrol 

to the remote station operator. Hook the other pole of the 
switch to the radio push-to-talk line for normal push-to-talk 
operation. 

Circuit description 
The Personal Message Center is basically a digital device 

(schematics shown in Figures 1A and 1B). The only adjust- 
ment you'll need to make is to the beep level which connects 
to the microphone. 

The microprocessor isan 80C31(U1) 12-MHz, &bit proces- 
sor. The memory isa27C64A 8K x 8 EPROM (U3) addressed 
by a74HCT373 octal latch (U2). Thesystem is reset on power- 
up by CRY, C3, and R1. External ports are accessed by the 
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decoder 74HCT138 (U4) and associated loglc gates. The two- 
digit access code is read through a 74HCT373 (U6). The 
actual selection is made by shorting or opening the appropri- 
ate bit. Each is binary weighted. The first four positionsselect 
the most significant digit of the accesscode; the second digit 
is selected by the upper four. 
Example: 
Shorting position 1 2 3 4  5 6 7 8  
Openlshort 0 0 0 s  0 0 s  S 
Binary 1 1 1 0  1 1  0 0  
Access code 7 3 

The output control port 74HCT373 (U5) handles the page 
LED, beep, and user control functions. 

The beep output control pin and a NAND gate (U14) drive 

Designator Part 

CAPACITORS 
c1,cz 
C3 
C4,C5,C7,C9 
C6 
C8 

INTEGRATED CIRCUITS 
U1 80C31 
U2,U5,U6 74HCT373 
U3 27C64A 
U4 74HCT138 
U7 8870 
U8 74HCT32 
U9 74HCT00 

RESISTORS 
R1 8.2 k 

Rll,  R12 2 k 

RELAY (Mlscellaneoue) 
RLY 1,2 

Deecrlptlon 

20 pF 
6.aNF 16 volt 
0.lpF 50 volt 
220flF 16 volt 
lOOOfiF 35 volt 

8-blt microprocessor 
8-bit latch 
8K x 8 EPROM 
2 to 8 MUX 
DTMF decoder 
Quad or gate 
Quad NAND gate 

1/8 watt, 1 percent 
reslstor 
1/8 watt, 1 percent 
reslstor 
1/8 watt, 1 percent 
reslstor 
1/8 watt, 1 percent 
reslstor 
1/8 watt, 1 percent 
reslstor 
1/8 watt, 1 percent 
reslstor 
1/8 watt, 1 percent 
reslstor 
Pot 
10 SIP reslstor 

Brldge rectltler 
NPN translstor 
PNP tnnslstor 
+5 volt regulator 

Quantity 

2 
1 
4 
1 
1 

1 
3 
1 
1 
1 
1 
1 

1 

1 

3 

3 

2 

2 

1 
1 
1 

6 

1 
2 
1 
1 

2 

PNP transistor Q1, which produces the drive for an 8-ohm 2- 
inch speaker. The 1-kHz tone signal is generated by the 
microprocessor. This tone is also applied to another NAND 
gate (U14), activated by the microprocessor CW control bit. 
The output of this gate supplies CW audio to the transmitter 
through its associated components. 

The DTMF receiver is a GTE 8870 device (U7). Receive 
audio is applied to the chip through C5, R3, and R4. Output 
detection delay iscontrolled by C4 and R2. When valid DTMF 
tone is detected, a strobe is applied to the microprocessor, 
along with a 4-bit code. The microprocessor decodes this 
information and performs the task requested. 

The microprocessor controls the activation of both the 
push-to-talk and DTMF control squelch relays. Both circuits 
are identical and are buffered by OR gates (U8). 

The push-to-talk line supplied from the microphone switch, 
which isactive low, isa microprocessor input control line. The 
page push-button switch which uses a normally closed 
(momentary) push button isanother. This furnishesan active 
high signal to the microprocessor to initiate the paging 
sequence. 

The power supply consistsof a rectifier bridge (CR5), filter 
capacitor (C8, C9), and +5 volt regulator (Q4). Complete, 
assembled pc boards are available from Valley Communica- 
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Additional detail of the schematic of the Pemonai Message center. 

tions, PO. Box 277, Owens Cross Roads, Alabama 35763. Note: Carefully review FCC Rulesconcerning remotecontrol 
(Write for price information.) PC boards with EPROM cost $27. operation (Part 97.79) and reverse autopatches. This device 
Programmed EPROMS are $8.00. (Please specify call.) Other may not be operated below 220.1 MHz under FCC rulescon- 
components may be purchased separately. cernlng remote control links. Ed. 

NEW! 
The claslc "Antenna Dlble" 

now In a thoroughly-revised, much-enlarged 
edltlon 

ANTENNAS 
2nd edition 

by John Kraus, W8JK 
Ohlo Stale Universlly 

Coven both theory and ~k adicalions to pact~cal 
systems. W~th design formulas, taMes and refer- 
ences. Over 1 OOO illustrations. 
'Modern, complete, a class~c', M~rowave Journal. 

917 pages, hardcover, $51.95 
Add $2.50 per book lor shipping and handling U.S.. 
$5.00 elsewhere. 

CYCSUS-QUASAR BOOKS 
P.O. Box 85, Pmvdl, Ohlo 43065 

Tel. 614-548-7895 

*c 149 
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I snap 
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choke 
ELIMINATES RF INTERFERENCE IN: T V  sets 
Radios HI-FI, PA systems Telcphoncq VCRs, ~ e s i  
quipdeal Bur ar aad~wehams Moderns, Monitors, 
~orn~utcrd, Rag0 and TV staliom: elc. 
EASY TO USE: fits over and maps onto small lar e and 
r ibha  cables. No need to rewire connec~or;. Lkique, 
split ferrite core design fits up lo RGBU coax cables. 
WORKS I N  'COMMON MODE' fdlcrs current in- 
d d  in the braid of shielded cable; and ground wircsl 

Special W t e  material cfk t lvc  03 - 209 MHz. 
DOES NOT VOID EQUIPhfENT WARRANTY 

Availuble ,,dCr&cdgalw 

computeradio 
Box 282, Pine Brook NJ OMS8 $12.99 
Tcl: (201) 227-0712 
Send personal check with order, m ship some day f i t  
Class. 30dm mono bock worrontv. Ouondtv cliJcc11n1.r. 

( "ONLINE" U.S. CALL DIRECTORY ) 
Harncall service gives you all hams via 
your computer 8 modem. Updated each 
monthl Only $29.95 per year. Unlimited 
use - you pay for phone call. 

I BUCKMASTER PUBLISHING 
Route 3, Box 58 

Mlneral, Virginla 231 17 
7031894-5777 v W m c  8001282-5828 1 

J 1: 

--HI-PERFORMANCE DIPOLESg 
-7- L - - ~y=j y-ez- -.- - 

Antennas tna! work, curtam arsemblsd lo your cen~er lraq .a band - adrlrs hl or 
canlsr and each snd hen9 as ~nransd Y" hori2onlal. rert d#pole, r l o ~ n g  dt~ole 

smmsrc8al qusl8ly ~la8nles hardware- bpal wwar  no Irsp, hgh all~ancyasl~gn 
Parranat check MO or C 0 D ($31 

YPO.5' ~ - 4 0 . 2 ~ . p l r l 0 ~ m 1 n e ~ d l p o l . 8 l ' l o n g  . 1106ppd 
YPO.2 10 40M ma"-wrIorm.ne. dlpol.. 15' long I82 . 0S.IW ppd 
nPD.3' 1W-80-4OM hl -pl form.nc~dIp~I~ Ill. long SIB ppd 
sso.8' 1M-w.40.IO.15.1MI *p.~.~awMpOl. 7l'long s126ppd 
9110.8. 10 40 20.15.1OM ~p.c..~.v.vdlpol~.p.DllY 1.4?..SlO6 5T.llO8ppd 
SS0.4' #0.40.10.15M sp.C. .....r dlpol.-.p.clly L. 41.SD3 M ' . l  98 ppd 
'0-band. r l l h  *Id.-matchlop-rang. 1un.r. - 
SASE lor F.~.Io~u. 01 30 d~poles. s~operm. and .p.sb.smr~ng, unaqu. .nt.nnm. - -- 
7w - ~ # a  - 3414 Box 3 q ~ 9 1 " ~ v .  ?x\?M: IL e005b a 



P 
INTRODUCING OUR NEW 

COMPUTER-CONTROLLED 

REPPOO REPEATER 
I f  i I r ~ v a y  lql r c -I-c 3i led 
rep(\ ."or t>,d ?n brx -\rpnqsive, LC ' i \ G A i  \ I '  'Jo J 

C O U ~ '  P ~ S I ' \ ~  spenc' t b ~ e  ~ U C +  !US) n w  a co r ' t ' r ~ l l ~ r .  
As ahnays, Hamtronlcs strhres to $be superb performance at 

modest cost! In this case, a premtum repeater with versatile 
computer control, auto atch, and many dtmf control features at - 
less than many charge t r  a bare-bones repeater! 

We don't skimp on rf modules, either! Check the features on 
R144 Receiver, for Instance. GaAs FET frontend, hellcal 
resonators, shar crystal filters, hysteresis squelch. 

We completery re-thou ht the whole idea of what a repeater 
should be, to give the bestgeatures at the lowest cost. 

. Avalable for the 10M, 6M. 2M. 220MHz. 640MHz. 902MHz ham bands. 
FCC type accepted models also available for vhf and uhf commercial bends. 
Rugged exclter and PA, designed for continuous duty. 
Power output 1518W (25W option) on 2M or hi-band; 15W on 220MHz: 10W on 
uhl or 902MHz. 
Accessory add-on PA's available with power levels up to 100W. . Five courtesy beep types, including a pleasant multi-tone sequence. . AUTOPATCH: e~ther open or closed access, toll-call restrict, autodtconnect. 
Reverse Autopatch, two types: auto-answer or rlng tone on the air. . DTMF CONTROL. over 45 lunct~ons can be controlled by touch-tone. Separate 
4-dlg1t control code for each function, plus extra 4-dlglt owner password. . Owner can inhibit autopatch or repeater, enable ellher open- or closed-access 
for repeater or autopatch, and enable toll calls, reverse patch, kerchunk filter. 
sfte alarm, aux rcvr, and other options, including two auxiliary external ctrcuits. . The cw~d message, dlmf command codes, and owner-specified default parame- 
ters for cor and cwid t~mers and tones are burned Into the eprom at the factory. . Cw smed and tone. courtesv beep and tail tlmers. and courtesv beep type can 
all be changed at any tlme by owner-password protected dtmfcommands . Many built-~n diagnostic & testlnq funct ons uslnq mcroprocessor 
Color coded led <Indicate statusof all malor functions 
Welded partitions lor exclter, pa, recener, and controller. PEM nuts for m r s  
3-112 Inch alum~num rack panel, f~ntshed In eggshell wh~te and black. - Auxlllary receiver Input for Independent control or cross linking rapeaten. 

There a n  many other katuret, too numerous to mentlon. Request catalog lor luN d*talh. 

FM EXCITERS: kb 
$99, w/t $1 69. 2W contin- 
uous duty. TCXO & xtal 
oven options available. 
FCC lype accepted for 
com'l uhf & hi bands. . TA51 lor lOM. 6M. 2M. 

150-1 74. 220MHz. 
TAU51 lor uhf 
TA901 for 902-928MHz. 
0.5W out (wit any, $169). - VHF & UHF AMPLIFIERS. 
For frn, ssb, atv. Output 
from 10W to 100W. Several 

. R451 UHF FM RCVR, sim~lar to 
above 
R901 902-928MHz FM RCVR. 
Tr~ple-convers~on. GaAs FET front end. . R76 ECONOMY FM RCVR for 10M. 6M. 2M. 220MHz. wlo helical res. or 
afc K~ts $129 . Weather satellite & AM alrcratl rcvm ako available. 

If you prefer a plain-vanllla or klt 
repeater, you couldn't find a 
better value than our original 

Same f~ne rf modules as REP-200 but 
M h  COR-4 Controller Can add 
autopatch, dtrnf decoder. CTCSS, eiher 
now or later Kit only $675. wlt $975. - -  - - - 

* P  
I = J  

cor I -r 1 1 I,' 
Features adjustable tall & t~me-out 
ttmers, solld-state relay, courtesy beep. 
and local speaker ampl~fier $49 
I D~ode programmed any ttme 
In the field, adjustable tone, speed, and 
tlmer, to go w11h COR 3 . . .  $59 

NEW COR-4 kt. Complete COR and 
CWlD all on one board for easy con- 
struction. CMOS logic for low power 
consumption. Many new features. 
EPROM programmed; spectly call .. $99 

NEW TD-3 1 ILE TOPIE 
Ti' C3DFI-'?FJC"T Adjwtable 
for any tone. Designed especially for 
repeaters, with remote control 

........... activateldeacthrate provisions $24 
r r .  b,;. DEP C - 

I , Full 16 digits. with tollcall 
restrictor, programmable. Can turn 5 
functions onloff. Great for selectbe call- 
ing, tool ............................................... $79 

AP 3 AIITOPATCH I. US@ M h  abOve 
for repeater autopatch Reverse patch 
& phone lhne remote control are std $79 
, r -L' 9 - o  
I I Use W h  above for simplex 
operatton ustng a transceiver $39 

hrO-?P? fSK DATA tPOnIJlAT0: , 
Run up to 1200 baud digital signals 
through any fm transminer with full 
handshakes. Radio link computers. 
telemetry gear, etc. ......................... $39 

r . Dr ' lCDULAT09 , ' For 
............................. receive end of link. $39 

' ' :A:  ? 31;.!TAL 4 F  LINWS. LC - 
cost packet netwotking system, 
consisting of new MO-96 Modem and 
special versions of our 220 or 450 mHz 
FM Transmitters and Receivers. Inter- 
face d~rectly with most TNC's. Fast. 
d~ode-sw~tched PA's output 15 or 50W. 
Call for more rnfo on the righf system for 
your applrcation! 

r T T f i h f l ' 3 3  
at a fracthn'of the cost 

of comparable units! 

o v r v Y  'C GP 
V r r  I * C  

FEATURES: . Ve low nolsw 0.7dB vM 0 @dB uhf . H I 2  gain. 1320d0, depehds on freq . Wtde dynamic range - reslst overload . Stable low-feedback dual gate FET 
*Spec t l y  rurlrrlg range 2630. 46 56 137 150, 
150 177 210 230, 4iM 470. or BW QGd MHz 

nFr:An*p 

ONLY $24 $39 rd l ~ - I ~ d  . GaAs FET Preamp stm~lar to LNG. 
except des~gned for low cost & small 
size Only 5 1 W  x 1-5/8"L x 314"' 
Eas~ly mounts In many rad~os 
.Spocrly furling rarlge 25 35 35-55, 55-80. 
$20 120, 120 150, 150 200, 200 270. M 4WMO 
MHz 

ONLY ?7!? 1.1, ??!? wlrod I*-t 1 . GsAs FET Preamp Hnth features similar 
to LNG sertes, except autornetlcelly 
switcher out of llne during transmlt 
Use wlth base or mob~le transce~vers up 
to 25W Tower mounting brackets lncl 
.Spccrly luntng range 170-175 ZW740 Or 
4W 5W MHz 
- 

- '_ ZAC QFSONATOQ 
Dqr j>P*DS 

Preamps with 3 or 4 sealon h e l d  
resonators reduce intermod & cron-  
band lnlerlerence In cr~tlcal appl~catm. 
MODEL HRA-('). $49 vhf. $94 uhf 
.9pcrly tvrling range 142 150, 1MIb2. 
167 174 213 r' 13 420450.450 470 - - - - -  

RECEIVlhrG 
G""!V5PT'=FS - 

Low no~se converters to receive vhf and 
uhf bands on e 10M receiver Cho~ce 
of k i  w~th case 8 BNC jacks k ~ t  wth pcb 
only, or wlt unrt In a case Other models 
ava~lable for other ~nloul ranges & arv. 
Request catalog for complete Irshngs. 
VHF lnput ranges avall: 13fi138. 

144-146 145147 146-148. 220-222. 
222-224; kit less &e $39, kit wlcase 
$59, w/t in case $89. 

UHF Inout .ranees avall: 432-434. 
43543j; kii lesccase $49, kit wlcase 
$69, wlt in case $99. 

902-928 MHz converts down to 422-448 
or 430-450 range. Same price as uM. 

CfJ\7VEPTECs 
XV2 for vhf and XV4 for uhf. Models to 
convert 10M ssb, m, fm, etc. to 6M. 2M. 
220. 432, 435. and for atv. 1W output. 
Kit only $79. PA's up to 45W ava~labk. 
Request catalog for complete list~ngs. 



MFJ ... n ~ a k ~ r l q q u a l i t y  aflordable 

Data Controller 40' TUBULAR TOWER 
A VFc7 --vners S+ocked! 

f e e 4 s A " E  $629 

-64a69SP . " .  $999 
Handles 10 sq 11 a1 50 rnph 

P l n a s ~ c  neighbors w f t h  
lubular slreamtlned look 

1x455 SALE' $1389 Neuj peak and Average Lighted 2- 
NEW IBM Fax Screen 55' FREESTANDING color Cross-Needle SWR/Wat tmeter 
Display Program Available Buil t- in antenna swttch. ba lun 

Transmitmeceive on Six Mode Covers 1.8-30 M H Z  

CW/RTI"Y/ASCII/ ~xtra-strength Construct~on A'' vn;'d C l n ~ ' ~ e + i ;  Stocked! 
AMTOlUPacket/FAX Can add ratslng and motor 

dr~ve accessories 

In Stock for Quick Delivery MFJ- 12 78  ~ulti-mode 
*.< 4 ,b c -  - ' p r ? '  A l l  9 digi tal  mode4 

OR-2300 Easy MailTMPersor~al MafIbox 
A Pi' , 

I I 171 , ( A ,  'I(: 20 LED Precfsion Tuning Indfcalor 
Kan+ronics/KAM Includes free power supply 

Reliable Includes free eprorn upgrade 
Worm Gear Dr~ve 
Statnless Steel Hardware Call nor for dl MFJ products ... 

wattmrters. dummy loads. coax ' ClrCult ' switches. keyers. clocks. speaker, Var~able Speed Control 
F~ts Most Towers mlcs. software. books and more! One 

year unconditional guarantee. 

True dual port - -k-vwr;f 
simultaneous HFIVHF 
packet operation 

Personal Bullet~n Board 
SOLIDSTATE 
AMPLIFIERS 

RrrYIASCIIIAMTORICWIWeather Fax 
Programmable MARK and SPACE tones 

*Term~nal programs for PC compatibles 
and Commodore Dstallsd lllumlnated map r h w  Ilme lame zone sun pw8- 

WEFAX programs for PC, Commodore, 
twn and day of the *reek a1 a glance lor any place In Ihe 
world Contlnuausly mwlng .areas of day and n~ght 

and Mac~ntosh change as you watch . Mounn easily on a wall S~zn 

One-year Warranty 
Contemporary deslgn. qualtty and a 34'h'x22'h' 

5 year warranty on parts and labor $1295 $1159.95 _ 1L .. i-OP LOW, 6 months on the RF F~nal trans~stors 
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lOOW GENERAL COVERAGE RECEIVER 
HF ALL BAND TRANSCEIVER 150 W, ALL BAND 
Maxlmum Operation Flexlb~llty 

2 METER AND 440 MHz 
HF TRANSCEIVER EXTRA-LARGE MULTl COLOR LCD 

,6/ f-Ff C/P ;!- rc r E"ICF HM14 TOUCH TONE MICROPHONE 
GFEAT PRICE! 

IC-228AlH I ~ C O M  lc-725 , 
? MET F l l  MOBILES 

lOOW GENERAL COVERAGE RECEIVER 
""1D COMPACT TRANSCEIVER 

Bob Femro W R J  ATLANTA GA 30340 OAKLAND, CA 94608 SALEM. NH 03079 WOODBRIDGE. VA 22181 VAN NUYS. CA 91411 
Pms~denlIOwnef 6071 ~ u ~ o r d  Hwy 2210 LIVI~ ston St 225 N Broadway 14803 Rulld Amer~ca Drtve 6265 Sepulveda Rlvrl 

Jim RstFerty NGRJ EM) 263 0700 gli) 534 0757 1 800 444 0047 (703) ~3 1063 1 800 444-4799 (818) 988 7912 

VP Nallonal 1~ Mgr WD4AGW ~ c h  Mgr W A W B  Curtls Mgr W84KZL L~nda Mgr KR4ZYT Al Mgr KWRA 
, , Doravlllp I mt north 01 1.285 15 880 a1 23fd ~ v e  Ramp 28 rnlies north of Boston exn 1 I 93 EXIT 54 I 95 ~ o u t h  to US RT 1 San ~tpgo ~ w y  at Wctory BM 



"NEW DUAL & TRI BAND SUPER 
"LINEAR" ANTENNAS , 

1.2  GHz 8.4dB 
146MHz 3.0d~ 

a-801 446 MHZ 6.t1d~ IOOW 3'2" MOBILE 
1.2 GHz 9.6dB 
146MHz 2.15dB l 5 O W  

[A-630TN 446 MHz 2.15d8 1 ' 5" MOBILE 
1.2 GHz 5.5dB SOW 

NEW! ULTRA COMPACT CALL 'OUR DEALER 

SWRIPOWER METERS 
(M-200 144-150 MHz 
CM-300 200-250 MHz 
(M-400 420-460 MHz 
CM-420 140-460 MHz 1275 N. Grove St 
CM-900 850-950 MHz Anoheim, (A 92806 
CM-1200 1250-1350 MHz (714) 630-4541 

DEALERS INQUIRIES WELCOME FAX (7 i4 )  630-7024 

Use f e r r ~ t e  beads lo keep RF out of your 
TV, stereo, telephone, etc. K I ~  ~ncludesone 
dozen beads, one dozen toro~ds '/z" to 
11/4 " diameter, three"split beads" and our 
h e l p f u l  RFI t ~ p  sheet. Everyth~ng needed 
to fix most RFI problems. 515 + $3 ship 
ping U.S. and Canada. 7% in CA. 

4 

Free catalog and RFI tip sheet on request. 

NO RADIALS! 
NO RESISTORS! 

NO COMPROMISE! 

FOUR EXCELLENT REVIEWS JUST 
DON'T HAPPEN BY CHANCE. 

CALL US FOR A FREE CATALOGUE. 
'See rev lew  in Ocl. 73. 1984 'Sept. 73, 1985 

* M a r c h  73. 1986 'Dec.  88. CQ 

BlLAL COMPANY 
137 Manchester Dr. 

Florissant, Colo. 80816 
(719) 687-0650 

9:00 am - 5 3 0  pm 

~ V H F  
weekdays 

Weekends and evenings 
by appointment. 

COMMUNICATIO UIIIll &I ,.:.. .L.CTIIDNIQ 

280 Tiffany Avenue Ydr*JWi&."l - 4 - 1  

Jarnestown. New York 14701 pH. (716)664-6345 

HmM 
3..rrlO BOOKSrORE 

GREENVILLE, N.H. 03048 
(603) 8781441 

NEW BOOKS 
UHF COMPENDIUM Part Ill and IV 
Ed~lad by K Werner. DJ9HO 
1111, 1s orir 01 1111' !nos1 Inn!] awarled I m k s  In Amateur Radio I1 
represenln over lwo yeals ol work and conlalns more than 
lheary - 11 s chock lull ol pracltcal, lestea deslgns lrom some 
01 Lurope s mosl notefl hams Sunlectr covered ~nclude notch 
lllters anlenna5 and IF pre-amgs lranslstor drivers transmtl 
and recelve Converlers power amplll~ers and much more lhls 
hmk IS quaranteed lo be a besl spller Order yours loday 
( Ih~s bmk IS lmporled anfl suppl~es w~ l l  vary due to shlpplnq 
delays 1 1989 1st Ed111on 
KW-UHF3 S a M d  $29 95 

1989-1990 ARRL REPEATER DIRECTORY 
Includes rill Ine I,I!PSI rPDealer lhslnqs dvallable Lists 13 OM) 
repedlers 2 700 dlqtpealets and 475 beacon stallons lrom 14 
MHz 10 74 GH? (;el VOUI copy 01 lhts nPw nmk loday 

1989 
AR-RD Soltbwnd $4 95 

ARRLCODETAPES 
FOII~ new sels 01 code praclse laws tram the ARRL Earh set 
consfsls ol lwo 90 mlnules cassettes and glves you almosl 3 lull 
hours 01 ~ r a c ~ ~ c e  Great way to study wnen you can I get on 
Ihe alr 
AR-1 5-IOWPM $9.95 
AR-2 10-15 WPM $9 95 
AR-3 15-22 WPM $9 95 
AR-4 13-14 WPM $9 95 

THE FABULOUS RADIO NED 
by Brandon Wenlworlh. K6UJ 
Herr 1s f'lp s!!lrv o! on? (11 'NW I s mos! lmporlanl radlo sla- 
ttons Wr~lleri Irom the Itr l l  nand stor~es and aclual erperlences 
01 Ihe men who operated NRO mcludes lecnnlcal descr~pl~onr 
01 Ihe eautpmenl ,,no anlennas Greal hlstory readlng 

1984 1st edll~on 34 M ~ P S  

BH-NBD Soltbound 14.95 

NEWNES Radio Amateur 
and Listener's Pocket Book 
by Steven Money. G3FZX 
UII~O~I' ioiiPi!~on 01 u i ~ ' , ~ l  !ntormat~on lor the Rad~o Amaleur 
dnd 111 l ~ c l l  Ih5lener I i r l  01 hard lo llna ~ntormallon Includes 
coder symbols 13rrnulae lrequenc~es In ddd#llon lo AMTOR 
packel and SSTV Hdnnv pockel Sook ,sue 108; 1st 
eatlton 160 pages 
CRC-RA Hardbound S 19 95 
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A DEEP NOTCH 

Filter using a 
2N2222 transistor 
provides notch 
greater than 30 dB 

the source of voltage, which has some internal resistance 
(see Figure lA).These additional resistances lower the Q 
of the circuit accordingly: 

inductive reactance - - 27r Fnotch L 
= all circuit losses R, + RI + R, 

(1) 

where: R, is the Internal resistance of the signal source. 

B~ Doug/asA. ~ ~ h l ,  W ~ T H M ,  417 6th Avenue, N. E,, TO incrLse the circuit Q and make the notch narrower 

Osseo, Minnesota 55369 in frequency,* an addit~onal resistor (R2) is added to pro- 
vide a low resistance path for the circulating current 
between the capacitor and inductor at resonance. In Fig- 

T he ideal notch filter passes zero signal voltage over 
a very narrow bandwidth. The signal at all other fre- 
quencies will pass through the filter unaffected. In 

practice, there will always be some s~gnal voltage that 
passes through the filter at the notch frequencies. 

One of the techniques commonly employed in active 
notch filters using op amps subtracts a portion of the input 
signal from the output of a frequency modified stage.1 When 
a fraction of the input signal is matched to equal the volt- 
age present at the frequency of the notch, the depth of the 
overall filter output at the notch frequency will increase and 
the output may approach zero voltage. 

The same principle can be applied to resonant LC filters, 
which can work at radio frequencies much higher than most 
op amp notch filters. The simple series-resonant filter shown 
in Figure 1A exhibits a low output voltage, e,, at the reso- 
nant frequency: 

At resonance the notch voltage is not zero, due to the effec- 
tive wire resistance (R,) in the inductor and other 
coillcapacitor losses. The value e, results from the voltage 
divider action of R1 and R, (see Figure IB), where eg is 
the input signal voltage applied to the filter. 

Note that the capacitor and inductor reactances cancel 
at resonance, leaving only R, effectively in the circuit. 
Below the resonant frequency, the capacitive reactance 
becomes much larger than R,. The divider fraction in the 
formula approaches unity, making e, nearly equal to the 
input. Similarly, at frequencies above resonance, the induc- 
tive reactance increases and e, increases (see Figure 1C). 

Q versus notch depth 
In a series-resonant circuit, the current that flows at reso- 

nance must pass through coupling resistor R1 as well as 

notch 

FREQUENCY 

A conventional series-resonant filter and equlvalent circuits. 
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ure 2A, the smaller R2 is made the higher the Q. At reso- This would make e, in the notch much smaller than eg. 
nance, the circuit acts as if coil resistance Rw is in parallel The results of the circuit in Figure 2A are shown in Fig- 
with R2 (Figure 2B), which can be combined into one ure 3. The bandwidth of the notch is the smallest for the 
equivalent resistance, R! for analysis (Figure 2C). highest Q condition (R2 = 10 ohms). However, the output 

To make the filter input resistance high, you'd choose R1 voltage at resonance is relatively high; that is, the notch 
to be much larger than R2. Thus: depth is shallow. 

R' When R2 = 100 ohms, the circuit Q decreases to 9, but 
co = eg - (2) the output voltage at the notch is much smaller. The circuit 

R1 design problem becomes either a narrow bandwidth with 
a shallow notch, or a w~de bandw~dth w~th a deep notch. 
The clrcu t shown In Figure 4 solves the problem and has 

I 1 both a narrow bandwidth and a deep notch. 
The circuit 

Figure 4 contains the series-resonant circuit discussed 
previously w~th e,, the voltage drop across it, identified. 
When R2 is small to achieve high Q, e, at resonance is 
about 85 percent at frequencies above and below the 
notch. See the upper curve of the normalized frequency 
response shown in Figure 5. Even though it has very high 
Q, the depth of the notch is so shallow that it would be a 
very poor filter without the rest of the circuit. The phase of 
the notch voltage at e, is the same as that of the filter input 
signal. 

A 2N2222 transistor extracts the difference between the 
input signal and e,, canceling e, from the output at the 

I FREQUENCY ( k H z )  I 
High Q series-resonant filter and equivalent circuits at resonance. Frequency response of high Q series-resonant filters. 

15V 

) FILTER OUTPUT 

Schematic diagram of notch filter. 
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NOTCH FILTER 
i= ONLY: eo 

s NULL: 85 PERCENT 

I FREQUENCY ( k H z  I 
Depth of notch improvement of the circuit. 

Circuit performance tor Q values from 8 to 98. 

notch frequency. To do this, use a pot to adjust the amount 
of the input signal appearing at the base of the transistor 
to match exactly the e, voltage present at the emitter at res- 
onance. The filter output voltage at the notch center will typi- 
cally drop to less than 3 percent. See the lower curve of 
Figure 5 for particulars. 

To change the notch frequency, you may change either 
L or C. Because the Q varies with frequency, you'll also 
need to readjust the pot to achieve the deepest null perfor- 
mance for each different frequency. 

Results 
The maximum Q attainable depends on the loss charac- 

teristics of both the inductor and capacitor you chose. 
Experimental data presented in Figure 6 show the effect 
on the circuit Q as R2 is varied. The coil is an air-core RF 
inductor. 

You can adjust the circuit to provide a deep notch exceed- 
ing 30 dB over a wide range of Q values or bandwidths. 
The voltage divider loss at the series resonant circuit, e,, 
was restored at the filter circuit output as a result of transis- 
tor gain. Q 
REFERENCES 
1. Frank R.  Dungan. Llnear In(egrefed Circurts Ibr Technmns. Breton PUM~shen. North Scltu. 
ate. Massachusens, 1984. page 192-3 
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PART 1: INTRODUCTION 
AND BACKGROUND 

Understanding spot noise 

optimum noise 
performance 
By Michael E. Gruchalla, PE., 4816 Palo Duro NE, 
Albuquerque, New Mexico 87110 

T he concept of effective noise temperature is used 
to specify noise characteristics of low noise amplifiers 
and other low noise systems. It's generally under- 

stood that the lower the value of the effective noise tem- 
perature, the "better" the amplifier. Just exactly what is the 
effective noise tem~erature and whv is it used instead of the 
more traditional ndisefigure specification? I'd like to discuss 
how the effective noise temperature specification is defined, 
its relation to the noise figure, and some of the pitfalls that 
you may encounter when trying to apply this specification. 

Thermal noise 
First, you must look at thermal noise and how it affects 

an electronic circuit. In 1928, Johnson showed that noise 
power is available in a system simply by virtue of the system 
temperature! This is thermal noise, often called Johnson 
Noise because of his initial investigation of the phenomenon. 
Johnson showed that the noise power available to a 
matched load from a thermal source is a function of the 
absolute temperature, the noise bandwidth, and Boltzmann's 
constant (Equation 1). 
P, = k TBW, (1) 

where: 
P, = noise power (W) available to the load 
k = Boltzmann's constant 

= 1.38~10-23 W-sl°K 
T = Absolute temperature (OK) 
BW, = Noise bandwidth (Hz) 

= d2 x signal bandwidth (see text) 
Only resistances contribute this thermal noise; ideal reac- 

tive components don't. However, all real devices exhibit 
some resistive component which contributes thermal noise 
power to a circuit. 

Often the noise is specified in terms of a 1-Hz noise band- 
width - noise power per Hz, noise voltage, or current per 
root-Hz. This is called the spot noise and is given by 
Equation 2, which is simply Equation 1 with a I-Hz noise . -  . 
ba-ndwidth. 

P,(spot) = k T (2) 
It's ~mportant to remember that the noise performance 

of many devices - like bipolar transistors, FETs, and ampli- 
fier diodes - is often specified in terms of spot noise at 
various operating frequencies. This information is provided 
because the noise performance of typical devices isn't the 
same at all operating frequencies. If you use a spot noise 
value alone for noise computations, without the noise band- 
width of the application, you'll get a noise level much lower 
than the level that can actually be obtained. 

Uncorrelated noise voltages 
Noise is a statistical quantity. As such, noise voltages and 

currents can't be combined by simple addition. Only the 
mean square values may be added. The mean square 
value is simply the square of the rms value. Because noise 
powers are functions of the mean square of noise voltages 
or currents (for example, power is equal to the rms voltage 
squared divided by a resistance), noise powers may be 
added directly where necessary. However, when unrelated 
(uncorrelated) noise voltages (or currents) are to be added, 
the combined voltage is the square root of the sum of the 
mean squares of the individual voltages. For instance, if you 
have a 1-mV rms noise source in series with a 2-mV rms 
noise source, the total noise voltage due to the two sources 
in series is 2.24 mV rms (the square root of 5 mV),* not 3 mV. 

Noise bandwidth 
Noise bandwidth is the bandwidth used in noise com- 

putations. It's shown here as BW,. The noise bandwidth 
is related directly to the signal bandwidth and the nature 
of the transfer function of the system under consideration. 
(The mathematics involved in the development of the noise 
bandwidth is beyond my intent here. For those interested 

Ed. 
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IDEAL NOISELESS AMPLIFIER 

POWER GAIN = G p  

I NOISE BANDWIDTH : B W, 

SOURCE RESISTANCE IDEAL NOISELESS 
TEMPERATURE = Ts [ O K ]  LOAD RESISTANCE 

f PO WER MATCHED TO Rs 1 

"Warm" resistive source with matched load. 

in digging deeper, Reference 1 is a very good introduc- 
tory text on noise phenomena.) When the amplifier has a 
relatively flat passband response, and the bandpass cut- 
off characteristic follows a single time constant characteristic 
or rolls off at 20 dB/decade, the noise bandwidth is very 
nearly ~ 1 2  times the signal bandwidth. This approximation 
is generally sufficient for many noise calculations. In cases 
of very low noise systems and very accurate noise calcula- 
tions, the exact noise bandwidth must be measured for the 
speclfic system to obtain accurate computations. For this 
article, I used a single time constant cutoff and the noise 
bandwidth is defined as a12 x the signal bandwidth. 

Temperature definitions 
The temperature in Equation 1 IS the absolute tempera- 

ture in degrees Kelvin. The absolute temperature in OK is 
273' greater than the temperature in %. Absolute zero is 
O°K and -273%. The value of 290°K (17OC) is commonly 
used as nominal room temperature for electronic applica- 
tions. 

Thermal noise power is the result of atomic thermal agi- 
tatlon of a system. This is a basic principle of physics and 
can't be altered by circuit design or other techniques. The 
only way to reduce the thermal noise power in a specified 
bandwidth is to reduce the temperature. 

The "Ultraviolet Catastrophe" 
Equation 1 implies an interesting paradox. If you make 

the bandwidth infinitely wide, Equation 1 suggests that the 
available noise power will also be infinite. In early noise 
research, this led to what was termed the "Ultraviolet Catas- 
trophe."2 This paradox came about because the classic 
mechanics of the time couldn't explain the noise processes 
at very high frequencies (ultraviolet wavelengths). The 
advent of quantum mechanical understanding led to prin- 
ciples which showed that the available noise power per Hz 
is reduced at very high frequencies. However, Equation 1 
is quite adequate for frequencies below about 1000 GHz. 

Thermal noise, then, establishes a fundamental lower sig- 
nal level limit in processing and measurement of signals 
(amplification, for example). You can define the minimum 
signal that can be processed as that signal level which 
results in a signal-to-noise ratio of unity. (Remember, this 

is the signal level required to just be able to discern that 
a signal is present.) Any signal in a system that's smaller 
than the thermal noise at that point in the system will be 
lost in the noise. You can examine a simple resistor to find 
the signal level that results in a signal-to-thermal noise ratio 
of unity with this resistor as the source resistance. Consider 
a resistor of value Rs at an absolute temperature Ts. Let the 
noise bandwidth of the "viewing" instrument of the source 
(amplifier noise bandwidth or measurement system noise 
bandwidth) be BW,,. The thermal noise power available 
from this resistor to a matched load is given by Equation 
1. For a simple resistor, the matched load is a resistance 
of equal value - in this case, RL. Figure 1 shows a "warm" 
resistor, your source, loaded into a "noiseless" matched 
load. Actually, there's no such practical noiseless load. It's 
used here as a mathematical tool to examine the noise 
processes. 

Signal bandwidth 
The noise power available to the matched load from the 

warm source resistance, given by Equation 1, is also the 
signal power level at which a power signal-to-thermal noise 
ratlo of unity would be obtained with "perfectly noiseless 
processing." Any signal lower than that level will be below 
the noise and essentially unrecoverable. You can do only 
two things to reduce the fundamental noise limit in this 
simple system - reduce the temperature of the source or 
reduce the noise bandwidth. In practice, the source tem- 
perature is usually determined by processes beyond your 
control. The signal bandwidth, and therefore the noise 
bandwidth, is generally selected to pass the required spec- 
tral contents of the signal being processed. This means that 
the thermal noise can't be reduced below the fundamental 
limit given in Equation 1. However, you can draw one 
important conclusion. In low noise designs, it's important 
to incorporate a signal bandwidth that's just wide enough 
to pass the signal of interest with the needed fidelity. If a 
wider bandwidth is used, no additional signal improvement 
is gained but additional noise is added. For example, if you 
want to pass a DC..l MHz signal, and use a bandwidth of 
DC-10 MHz, the noise power will be a factor of 10 dB higher 
than if you used the minimum bandwidth of 1 MHz. 
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THEVENIN VOLTAGE SOURCE MODEL 

M 
NORTON CURRENT SOURCE MODEL 

- - -  

Thermal noise source circuit models. 

Warm resistor noise model 
Johnson's fundamental noise theory lets you find the 

value of noise power available at the matched load in 
Figure 1. Using this information, you can derive a noise 
model of the warm resistor. The resistive noise source may 
be modeled as a voltage source in series with its charac- 
teristic resistance (a Thevenin model) or as a current source 
in parallel with its characteristic resistance (a Norton model). 
These are exactly equivalent in linear systems, but the volt- 
age source model is generally the model used. These two 
circuit models are shown in Figure 2. Now you know the 
noise power delivered to the noiseless matched load from 
Equation 1. The voltage that must be impressed across that 
load to produce that power is easily computed: 

P, = E2/R  = k  T  BW,, 
so: 

A similar computation may be performed for the current 
in the load. 

P,  = I J z R  = k T B W ,  

These results are the noise voltage and current, respec- 
tively, delivered to the matched load from the warm source. 
From these you can compute the equivalent voltage and 
current sources in Figure 2. The computation steps for the 
Thevenin source model are shown in Figure 3. Because 
the source and load resistances are equal, the equivalent 
source voltage is simply twice the voltage delivered to the 
load (one-half of the source voltage is dropped across the 
source resistance and one-half across the load resistance). 
The same is true of the equivalent current source in terms 
of current, so: 

FOR MATCHED LOAD RL = R s =  R 

LOAD NOISE POWER = PL = k 5 BWn 

LOAD VOLTAGE = = J ~ T ,  BWn R I rmsJ  

En I r m r ) = 2 V L  = 2 , / k <  BW, R s '  

Thermal source Thevenin potential computation. 

Matched and unmatched loads 
The noise model values were derived from Johnson's 

findings for matched loads. However, these are true linear 
modek and represent true resistive sources. They may be 
used accurately in any application independent of the load 
they are driving. In cases where a matched load is being 
driven, the maximum power is delivered and is that given 
by Equation 1. For unmatched loads, the delivered power 
will be less than the matched case and must be computed 
directly from the specific circuit element values. 

Limiting value of source voltage 
The noise voltage given by Equation 5 is the minimum 

possible noise voltage that can be achieved for a resistor 
at the soecified temDerature and noise bandwidth. If this 

En = 2 ) lk  T B W ,  R  (rms) 
resistance is the source resistance of some device, it is a 

('' limiting value of source voltage. Consider that you are 

I, = 2 {m (rms) 
attempting to amplify small signals with a 1-MHz signal 

(6' bandwidth from a 50-ohm room temperature source. Using 
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Joseph J. Carr; K4IPV 

REVIEW OF A LOW 
COST COMMERCIAL 
SPECTRUM 
ANALYZER 
One of the most popular topics I've 
covered in this column concerned a 
build-it-yourself spectrum analyzer. A 
lot of readers put together those kits 
and modified them considerably. I've 
published some of my modifications, 
and those of a few readers, in this 
column over the past two years. A few 
months ago I told you that a small 
manufacturer of low cost spectrum 
analyzers was going to make one of 
their products available for review in 
this column. Judging from my mail, 
that announcement interested a lot 
of you. Well, Penntek Instruments 
(14 Peace Drive, Lewistown, Pennsyl- 
vania 17044 (71 7)248-2507) came 
through with a loaner instrument, so 
here's the promised review. 

What is a 
spectrum analyzer? 

For those who may have missed the 
earlier articles, I'll review briefly what a 
spectrum analyzer is and how one can 
be used in communications work. The 
spectrum analyzer is a special form of 
swept superheterodyne receiver with 
a frequency domain output (amplitude 
versus frequency) instead of the time 
domain out~ut  usuallvfound on oscillo- 
scopes. TO display .the output of a 
spectrum analyzer you must use an X-Y 
oscilloscope, rather than the standard 
Y-time type. Most common oscillo- 
scopes can be used in X-Y mode if they 
have a horizontal input, or are dual 
beam models in which an X-Y mode is 
provided on the vertical function 
selector. 

An internal sawtooth waveform 
causes the kceiver tuning to sweep 
from one erid of the band to the other. 
The same sawtooth waveform is also 
directed to the X-input (horizontal) of 
the oscilloscope, where it's used to 

Pradicall y 
SDeaking 

sweep the CRT beam from left to right. 
As the receiver and scope beam 
sweep through the range, the detected 
output is fed to the Y-input (vertical) of 
the oscilloscope. This causes an 
amplitude-versus-time display to 
appear. 

Penntek Instruments' Model SA-500E 
spectrum analyzer (Photo A) converts 
any oscilloscope that has either an X-Y 
mode or allows access to the horizon- 
tal amplifiers (which is the method 
used on older oscilloscopes). The dis- 
play outputs from the SA-SOOE are 
scaled to 1 volffdivision; the X-output 
is k 5  volts and the Y-output is rt4 volts. 
The horizontal sweep speed (X-output) 
is variable from 1 to 40 Hz. 

Penntek Model SA-500E 
spectrum analyzer 

The SA-500E has a frequency range 
of 0 to 550 MHz, with a digital dial 
accuracy of 2 percent of full scale. This 
instrument is basically a swept triple 
conversion superheterodyne receiver. 
There are twelve switch-selected 
sweep (or "span") widthsfrom50 MHz/ 
division down to 20 kHz/division in the 

Penntek SA-5OOE spectrum analyzer. 

popular 5:2:1 sequence ratio. When 
the SA-500E is set for the 50-MHz/divi- 
sion span width, the entire spectrum 
from 0 to 550 MHz is displayed on the 
oscilloscope. There's also a 0-MHzldivi- 
sion sweep width, in which theSA-500E 
operates as a manually tuned receiver 
or wave analyzer. The frequency reso- 
lution or IF bandwidth has two options 
- wide (200 kHz) and narrow (10 kHz). 
Bandwidth selection is coupled to the 
sweep width control. The input sensi- 
tivity is better than 2 fiV and the 
receiver has a 70-dB dynamic range. 
An RF input attenuator allows selection 
of up to 70-dB attenuation in 10-dB 
steps, while an IF attenuator offers a 
variable range of 0 to 22 dB. Allowable 
input levels are 0 to +13 dBm RF, 1 volt 
AC, and 0 volts DC. There are three IF 
frequencies used in the SA-500E: 700 
MHz, 62 MHz, and 10.7 MHz. The 
SA-500E offers two crystal marker fre- 
quencies to help calibrate the dial, 
5 and 50 MHz. 

The Penntek SA-500E is small and 
doesn't take up a lot of space on the 
bench. Its dimensions are 10-318 x 
11-314 x 5 inches and it weighs under 
3 pounds. The cabinet is gray and 
black. 

Using the SA-5OOE 
spectrum analyzer 

The SA-500E is intended for opera- 
tion with an external oscilloscope. The 
X and Y outputs of the spectrum 
analvzer must be connected to the 
X (hirizontal) and Y (vertical) inputs of 
the oscilloscope. The scope input 
attenuators must be set to 1 voltldivi- 
sion or 2 volts/division, whichever gives 
the best display. You then turn the cen- 
ter frequency control to the center of 
the band of interest and set the span 
control to the desired sweep width. 

Photos B and C show the SA-500E 
display that appeared when I con- 
nected my Measurements Model 80 
signal geierator to the input of the 
spectrum analyzer. The signal gener- 
ator's outljut frequency was approxi- 
mately 100 MHz, plus or minus the 
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CALL FOR ORDERS 
1 (800) 231-3057 
1 (713) 520-7300 or 
1 (713) 520-0550 
FAX 1 1713) 358-0051 

TEXAS ORDERS CALL COLLECT. 
ALL ITEMS ARE GUARANTEED 
OR SALES PRICE REFUNDED. 

\ - I  - - -  - - -  
Arnplre VHF UHF GaAsFET peamps Call 
831 SP PL259 S~lverplale (Arnphend) 150 
82 61 N Male (Amphenol) 3 50 
82 202 1006 N Male(9913) 350 
Double Female UHF 100 
UGI 76 RG8X each 40 

New lcorn IC 781 Surplus Elbow PU5SS0239 each S I 
Kenwood TH225A. TH25AT Trade In yocir old HT Recelvlng tubes 50 90% ofl llsl ptce Call 
1 9 4 0  SlAT Call STUPH 
New Kenwood TM-73lA, mob~le Call RF Amp Melers $15 lo 8 0  New Kenwood TS 950 SD Cal 
ICOM 228HITTM 449 00 25 ~ F l l  OKV Doorknob C ~ D  5 00 A- PT 3 Pre Arno 99 00 

Throat M~ke (new rnd surplus) 5 00 Larsen 2 meter on glass 49 95 
ANBH 1 MM D Headphones (new md surplus) Anleco 2M 518 Mag Mounl. Cornp 25 00 
Nrw Demo Un~ls f w  Sale 
Kenwood R 5000 849 00 

YAESU FT IOOOD Call fw  prtce 

GGTE Morse Tulm I 8 0 0  

TS 790A Superlor 2 Meler 70 rm RI(] USED EOUIPMEHT 
I 2 GHz Oplton Avaldl?l~ Call All equrprnenl used dean mth 90 day warranty and 30 

BW VS 300A 
day lrlal Sbx monlhs lull trade agalnst new equtpment Sale 

Penta 6 1468 prlcr refunded 11 rlolsatded 

Penla 5728 79 00 (800) 23 1 3057 
Penla 3 5002 139 M) POLICIES 
lcom 765 2695 00 M~n~rnumorder$lO 00 Mastercard VISA w C  0 D Al lprss ~~,, , . ,~d TS I~o!, Call lor lrade 
Kenwood MC 60A + He4 HC 5 cartr~dge lnsl 150 00 FOB Hwslon exce@asnoted P r ~ s u b l e ~ l o c h a n g e w ~  Van Gordon Wlndorn WA2 44 00 
lcom IC 725 799 00 nolice I temssuW topor sale Cdlanyl~melochecklheslalus ~~~d 43 elemenls~slock Call 
NYE MB5 A 629 00 01 your order Texas residents add sales tax All Items lull lac Thousands ol melerS 

low warranly plus Mad~son warranly 3 95 upCALL 
Alpha Della Transnrap HV Bird md &Iden products In Mock. Wll today. Eelden9913 8267 8214 Slock Call 
CSI Prwale Patch V MICA Capacitors Call 

WRITTEN TEST STUDY GUIDES 
All word-for-word questions, multtple choices. . . 
answers. Choose Nov~ce. Techn~c~an. General. 
Advanced or Extra Class Answer explanations 
supplied! 
54.95 Each vemlon + 51.50 shlpplng. 
All five manuals: $22.95 postpald. 

H A M  RADIO Q & A  MANUAL 
A l l  1.932 questions. mult~ple cho~ces and answers 
found in every ham license exam. Novice through 
Extra Class. 
$9.95 Shipped postpaid. 

MORSE CODE TEST PREPARATION 
Set contains two 2-hr. cassette tapes 
Code Teacher, 0-5 WPM 59.95 
General Code. 3-15 WPM 59.95 
Extra Code. 12-21 WPM S9.95 
Plus 51.50 shlpplng per set. 

All MsnualslCode Tapes: 549.95 
New §Part 97 Ham Rules: S 2.95 

Order shipped same day received! 
Credit card phone orders: 10 a.m. - 2 p.m. 

W5YI  MARKETING 
P.O. Box #565101 - Dallas, TX 75356 

Tel: (817) 461-6443 - 24 hours 

OPT0 Iambic Keyer 

. Ultr.1 1 l,lll[l,iLI 1 " ', i X 1 )  . Of'TO 
isolarcd oulr~ul Battery or DC powered Full 
funcroon Idrnb8c Kevr  Adjuslablr speed and 

welghl One Year Ace Systems Warranly 

- See Your Ace Dealer - 
Amateur Electronics Supply 
Barry Electronics 
KJI Electronics 
Madison Electronics 
Oklahoma Comm. Center 
R. F. Enterprises 
R & L Electronics 
Rivendell Electronlcs 

Ace Sysl~rn5 RD Box 83 Wtlcox. PA 15870 
(8 14265 5937 

Alpha - Arneritron - AMP - Henry 
Dentron - Heathkit - TenTec - Etc. 

I 35 Years Experience as  the - 
1 & Service Manager with a 

major manufacturer 
Aulhoriud 
T T  ,wc 
Dealer 

ELECTRONICS 
4209 Live Oak Road 
Raleigh, NC 27604 

919-832-1025 
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Manufacturers of Q s l i J y  Communications Eguipment 
- 

*Repeaters #I *Standard and 
*Links Computerized 
@Remote Base Controllers 
*VH F,U H F *Standard and 
.Receivers Computerized 
.Transmitters Auto Patches 
.Antennas *Duplexers 

A NEW CONCEPT IN REPEATER DESIGN. THE Hi Pro "E" IS AN EXPANMBLE REPEATER WITH M E  FOLLOWlNG FEATURES. A BASIC REPEATER WHICH WWLD IN. 

CLUDE A COMPLETE RECEIVER. TRANSMITTER. COR. FRONT PANEL CONTROLS AND INDICAlORS. WCAL SPEAKER AND MIC JACK AND CAPABLE OF FUTURE 

EXPANSION. ALL HOUSED IN AN EXTREMELY RUGGED. ENCLOSED. IWNCH RACK MOUNTABLE CABINET 

THIS SYSTEM CAN BE EXPANDED AT TIME OF PURCHASE OR CAN BE AN AFER-PURCHASE ADD ON. THE ADD ONS ARE-HIGHER POWER. llOR20 VM: POWER 

SUPPLY. IDENTIFIER. AUTO PATCH. OR COMPUTER CONTROLLERS IN ADDITION TO THESE AM) ONS AN ADDITIONAL RECEIVER AND TRANSMITTER CAN BE 

MOUNTED INTERNALLY FOR USE AS CONTROL LINKS. REMOTE BASE OR DUAL BAND OPERATION. ETC. 

AN EXTENSION PANEL IS AVAILABLE FOR WCAL MONITORING OF THE REPEATER AND CONTAINS ALL NECESSARY METERING. STATUS LIGHTS AND INDIW-ORS ALL 
ADD ONS ARE AVAILABLE FROM THE COMPANY AND ARE COMPLETE INCLUDING INSTRUCTIONS 

MAGGIORE ELECTRONIC LAB. /9n 499 0741 MELCO 
600 Westtown Rd. West Chester, PA 19382 Phone (21 5) 436-6051 FAX 215-436-6268 

f 5 

BLACK DACRON0 POLYESTER 
AN-TENNA ROPE 

UV-PROTECTED 
HIGH ABRASION RESISTANCE 
REQUIRES NO EXPENSIVE POTTING HEADS 
EASY TO TIE & UNTIE KNOTS 
EASY TO CUT WITH OUR HOT KNIFE 
SIZES: 3/32" 3/16" 5/16" 
SATISFIED CUSTOMERS DECLARE EXCEL- 
LENCE THROUGHOUT U.S.A. 

LET US INTRODUCE OUR DACRON" 
ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer lnqu~r~es Invited 

2472EASTMANAM BUILDING21 
s y n t h e t i c  MNTURA CALIFORNIA 93003 
tex t i les . inc .  (01x1 sse.'7ga? 

\ , . . . . . , . , . . . . . . . . . . . , ,. . . , , . . . . . 
J 

I OR COLLECT OLD RADIOS, YOU NEED ... 

ANTIQUE RADIO CLASSIFIED 
FREE SAMPLE COPY! 

Antique Radio's Largest Monthly Magazine 
Classifieds - Ads for Parts & Services 

Articles - Auction Prices-Flea Market Info. 
Also: Early TV, Ham Equip., Books, Telegraph, 

Art Deco, 40's & 50's Radios & more... 
Free 20-word ad each month. Don't miss out! 

6-Month T r i a l  - $11. 
1-Year: $20 ($30 by 1st C l a s s )  

Forelgn by air-Canada: $32; Mexlco: $30; Other: 560. 

A.R.C., P.O. Box 802-A5, Cartisle, MA 01741 

t,,.S,I w,,v ,:, l,.'.,l ,!> r,!,a5+, ,' .,"<I .I 
antvnna allayr, to mn-,m,zr syrtarr 
gain ar~d  21 the samr time rpduce 
I O S J ~ ~ ~ O R  mlntmum Covnrlng 1 4 4  
lhru 1296 MHz. I ~ ~ S S R I I P S O I  VHFi 
UIlF powerd~r~delsarenrsrnlet RF 
d e v ~ ~ e ~ d ~ ~ ~ g n e d t o ~  "long service 
1016. w lh  Ik>w W R  and hrOnd Op 
Rlilllng h~ndwldlh 

Eitcud~d alumlnurn body vllh a 
dur~h le~namet  t~nmh ~naddtlmnla 

+ , 7 . stl~con Jpnllny sl conneclor l lanwl  
u results en a rupgedlled unol tar all 

array ln3t~l l~l lonS Available Wllh 
N type C O ~ ~ P L ~ O ~ O  only, these 
unals are un~ondllton~lly pusran. 
lecd lor 2 years 

MODEL CONFIG. 
144.2P I? portal 
144.4P (4 ports1 
220-2P 12 oartrl 

4 3 0 . 2 ~  12 ports) 
430-4P (4 Ports1 
0 0 2 - 2 P  12 portst 
R02.4P 14 DOlIsl 

1 2 9 8 . 2 ~  ( 2  Lon91 
1298-4P (4  Port51 $60 00 

5Hil)PING NO7 INCLUDED 

S T R I D S B E R G  ENGINEERING.  GO. 
P O  Box 7973  Shrsveport . LA 7 1107 USA 

Phone (31.9) 865-0523 a 
/ 124 
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peared and the trace in Photo C 
resulted. This display was taken with 
the span control set to 0.05 MHddivi- 
sion, so the trace represents a 5-MHz 
slice of spectrum centered on 100 MHz. 

After I played with the process of 
displaying a signal from my signal 
generator on the scope, I connected 
the RF input of the SA-500E to the 
2-meter ground plane antenna that 
serves as my access to the local 
repeater world. Photo D shows a 
1 -MHz/division slice of spectrum cen- 
tered on 146 MHz. A large number of 

Signal generator output signal without video local repeaters, mobiles, and fixed sta- 
filter. tions showed up on the display. The 

spikes representing these signals 
appeared and disappeared as the sta- 
tions went on and off the air. 

Signal generator output signal with video 
filter. 

Display of 2-meter band signals near 
Washington, D.C. 

Monitoring the 2-meter band on my 
old Kenwood transceiver revealed that 
the centermost spike was from the 
146.91-MHz repeater in Fairfax, Vir- 
ginia. That spike disappeared every 
time the repeater went off the air. 
Interestingly enough, most of the time 
I could also see a much smaller spike 
ride up and down with the repeater 
spike; I believe this represented mobile 
rigs accessing the repeater. Because 
the repeater receiver is a lot more sen- 
sitive than the spectrum analyzer and 
installed at an elevated location, it 
could hear more mobile si~nals than 
the spectrum analyzer.  his accounts 
for the fact that the mobiles didn't 
always show up on the scope screen. 
Only those mobiles that were relatively 
local would show up. 

I tuned the SA-500E center fre- 
quency control to the middle of the FM 
broadcast band (88 to 108 MHz) and 
looked at the scope display. Photo E 
shows the FM band viewed from my 
location in Virginia, near Washington, 
DC The large spike on the right is from 
my Model 80 signal generator - which 
I'd failed to turn off before retuning the 
spectrum analyzer. 

No one who looks at Photo E can 
doubt that the FM broadcast band is 
crowded in my area, but wait until you 
see the HF spectrum. No denizen of 
20 meters will deny that HF is overrun 
with signals; Photo F demonstrates 

Display of the FM broadcast band signals 
(88 to 108 MHz) near Washington, D.C. 

High frequency (HF) bands on the spectrum 
analyzer shows why 20-meters is so mad- 
dening. 

"Spur" turned out to be the local oscilla- - 
that lamentable fact rather conclusively. tor of an FM broadcast receiver sitting next 
This trace represents the HF spectrum to the spectrum analyzer. 

centered on 14 MHz, with a sweep 
30-year old calibration. The signal in span that lets you look about 5 MHz national broadcasting band. I'm sure 
Photo B shows the display that above and below that frequency. The that the WWV time and frequency stan- 
resulted when 1 selected no filtering on big center group of spikes represents dard station is somewhere in that mess! 
the SA-SOOE. When I selected the the 20-meter band, while those to the Photo G perplexed me a little bit at 
video filter, the baseline noise disap- right seem to show a fairly active inter- first. ln~tially I thought the signal was a 
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spurious reponse of the SA-500E (most 
spectrum analyzers have at least a 
few). But the signal didn't seem to 
behave like a spur. Then I found the 
problem. I listen to radio while work- 
ing at the word processor and at my 
workbench. Those who know me per- 
sonally can attest to my love of (blush) 
bluegrass music - the more traditional 
the better. I had the radio tuned to 88.5 
MHz (WAMU in Washington, DC) for 
the Saturday bluegrass show. The 

followed by a tuned RF amplifier at the 
129-MHz output frequency (a circuit 
derived from, but not exactly like, an 
old ARRL Handbook project). 

There are really two issues involved 
when you're tuning the desired output 
of the frequency multiplier. One con- 
cern is to maximize the output signal 
so it can be used to drive the mixer. 
The other is to minimize the harmonics 
and other spurious responses. These 
sianals can interfere with the DroDer , 8 

SA-5OOE antenna was disconnected L - r&eiver operation. 

and I was Only a shOnt shielded ~utputspectrumo~a~uencytrip~ercircuit In photo H the leftmost spike is the 
scope probe to supply input signal when output had previously been peaked. 129-MHz output signal, while its sec- 
from my signal generator output. But ond harmonic 1258 MHz) is the third 
even when the signal generator was 
turned off, this little signal persisted. 

On a hunch, gleaned from an awful 
troubleshooting experience many 
years ago, I turned off the FM broad- 
cast receiver on the workbench. I'm 
sure you can guess what happened. 
The "spur" disappeared. The signal 
displayed in Photo G is the radiated 
local oscillator signal from my FM 
receiver. It was on a frequency of 88.5 
+ 10.7 MHz, or 99.2 MHz. The rest of 
the FM band didn't show up because 
of the short "antenna" represented by 
the partially shielded scope probe. 

As I mentioned in November's 
column, I saw this same problem more 
than ten years ago when I worked at 
a major university medical center. 
Nurses in the post-coronary care unit 
complained that one patient's electro- 
cardiograph (EKG) signal was showing 
up on two channels of the radio 
telemetry display. The problem turned 
out to be an unshielded FM receiver 
located too ,close to the telemetry 
receiver's local antenna. The receiver 
was "intermodding" (for lackof a better 
term) with the other signals in the sys- 
tem, forcina the weak EKG radio sianal 

Output spectrumof a frequency triplercircuit 
atter tuning with aid of spectrum analyzer. 

Amateur. In addition to identifying inter- 
mod problems, it's also possible to use 
the SA-5OOE to tune transmitters and 
other RF devices. Amateurs typically 
tune RF circuits for maximum output 
or to null some interfering signal. The 
SA-500E offers a means for doing this 
job easily. 

Photos H and I show the responses 
of a VHF oscillator that's part of a con- 
verter project I'm building (see Figure 1). 
The local oscillator (LO) frequency is 
generated In a crystal oscillator at 
43 MHz and then tripled to 129 MHz. 

spike from the 'left (secohd highest). 
There are three other spikes in the 
spectrum. I'm not sure where they 
came from, but they weren't supposed 
to be there. The spacing on the scope 
display suggests that they might be 
other harmonics of 43 MHz, or mixing 
products of the 43 MHz plus its other 
harmonics. 

Photo I shows what results when you 
tune the multiplier (C1 in Figure 1) and 
the output of the amplifier (C2) 
properly. The main signal at 129 MHz 
lost a little amplitude, but the har- 
monics andlor spurs disappeared. 
This is what it's supposed to look like. 

Photo J shows another application 

onto a diff&ent frequency. Penntek'iells The tr~pler is a diode multiplier circuit 
me that a lot of hospital biomedical Bandsweeper mixer output signal when one 

oscillator was acting "funny." 
equipment shops have bought their 
spectrum analyzer. I.wish I'd had one 
that night a decade ago when I was , 1 

onto a diff&ent frequency. penntek'iells The tr~pler is a diode multiplier circuit 
me that a lot of hospital biomedical Bandsweeper mixer output signal when one 

..-..XIl-.-- ...- - icting "funny." 
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trying to figure out the solution to that 
perplexing problem. Now it's easy to 
understand why airlines don't like FM 
radios on board. The local oscillator of 
FM receivers falls into the aviation 
band when the FM radio is tuned to 

the Wh~le high end it's fun of the to look FM broadcast at the spectrum band! 

through an instrument like the Penntek 
SA-500E, there must be a practical use 
for it before most of us will invest in one. 
There are several uses of interest to the VHF tripler used to generate the signals in Photo G. 

C1 

- I Z9MHz 

43MHz 
CRYSTAL 

C R l  

OSCILLATOR ' ]LL~J??~~ LZB l Z 9 M H z  
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ASTRON 
9 ~ ~ t r y  Irvine, CA 9271 8 

C 0 R PORAT ION [714] 458-7277 

INSIDE VIEW - RS. 

ASTRON POWER SUPPLIES 
HEAVY DUTY HIGH OUALITY RUGGED RELIABLE 

SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 
SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE: 105-125 VAC 
FOLD-BACK CURRENT LIMITING Protects Power Supply OUTPUT VOLTAGE: 13.8 VDC f 0.05 volts 
from excessive current 8 continuous shorted outpul (Internally Adjustable: 11-15 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load 
mxcmpl RS-3A. RS-4A. RS-51. low line) 
MAINTAIN REGULATION 8 LOW RIPPLE at low IIne input Also lvlil8blm wllh 220 VAC inpmt Vaillgm 
Voltage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN U.S.A. 

I RM SERIES 19" x 5'14 RACK MOUNT POWER SUPPLIES 

Cantinmaws ICS' Sizt (IN) Shippln) 
D ~ I V  [ ~mps )  IAmrrI H X W X D  wt. [lba.) 

9 12 5'4 x 1 9 x 8 ' r  16 
25 35 5'r x 19 X 12'7 38 
37 50 5'4 x 19 x 12'7 50 

! 1 I Separate Volt and Amp Meters 

. - . . . - . 
DDEL RM-35M 

I 
RM-50M 37 50 511, x 19 x 17';~ 

nn A nrnlcn I Canllnmems ICS' S i p  IINI 
MODEL I RS-3A 

.- ,. ., Shippin) 
DWIV [ ~mps )  IAmrsl H X W X D  wt. [ I~s.)  

2.5 3 3 x 49. Y 53. A 

I RS-M SERIES 
MODEL RS-7A 

I MODEL RS-35M 

,. " 
RS-4A 3 4 3'4 X 6'7 X 9 
RS-5A 4 5 3'2 x 6's x 7's 
RS-7A 5 7 3'4 X 6'7 X 9 
6 - 7 6  5 7 4 X 7'2 X 10'4 
RS- 1 OA 7.5 10 4 x 7'? x lo3, 
RS-12A 9 12 4'7 X 8 X 9 
RS-120 9 12 4 x 7 ' ~  x 103c 
RS-2OA 16 20 5 X 9 X 10'7 
RS-35A 25 35 5~ 1 1 X  11 
RS-5OA 37 50 6 x 13jr x 11 

Canlinmoms ICS' Size [IN) Shipping 
Drly [Amps] [A~PS)  H x W x D  Wl. I1bs.l 

Sw~tchable volt and Amp meter 
RS- 1 2M 9 12 4 ' 7 x 8 ~ 9  13 
Separate volt and Amp meters 
RS-20M 16 20 5 x 9 x 10'2 18 
RS-35M 25 35 5 x 11 x 11 27 
RS-50M 37 50 6 x  13'r x 11 46 

I RS-S SERIES-. 

VS-M AND VRM-M SERIES 
. . 

P ,----;----- 

MODEL VS-35M 

Built in speaker 1 

Separate Volt and Amp Meters Output Voltage adjustable from 2-15 volts Current limit adjustable from 1.5 amps 
to Full Load 

C8nllnmams ICS' S i n  [IN) Shipplnl 
MODEL Duly [Amps) (Amps) H x W x D Wt. [lbs.) 

@13.8VDC (alOV0C g5VDC @13.8V 
VS- 12M 9 5 2 12 4'12 x 8 x 9 13 
VS-ZOM 16 9 4 20 5 x 9 X 10'2 20 
VS-35M 25 15 7 35 5 X 11 X 11 29 
VS-50M 37 22 10 50 6~ 1 3 ' ~  x 11 46 

Variable rack mount power supplies 
VRM-35M 25 15 7 35 5 ' 4 X 1 9 X 1 2 ' 2  38 
VRM-5OM 37 22 10 50 5'4 X 19 X 12'2 50 

MODEL 
RS-7s 
RS- 10s 
RS-12s 
RS-20s 

Cantlnma~r ICS' ~ l z c  [IN) Shipping 
Duly [Amps] Amp: H x W x D  Wl. [lbs.] 

5 7 4 x 717 x l o3&  10 
7.5 10 4 x 71, x 10'1~ 12 
9 12 4 ' 2 x 8 ~ 9  13 
16 20 5 x 9 x 10'2 18 

'ICS-Intermittent Communication Service (50% Duty Cycle 5min. on 5 min. off) 
r /  123 



of the spectrum analyzer in adjusting 
Amateur projects. I'm building a band- 
sweeper - a sweep signal generator 
that will cover an entire HF Amateur 
band at one setting. The project uses 
two low band VHF voltage-controlled 
oscillators (VCO) heterodyned together 
in a Mini-Circuits balanced mixer. One 
will be fixed at a center frequency and 
then swept with a sawtooth (the digital 
sawtooth generator reported in this 
column earlier): the other will be fixed 
tuned to a frequency that heterodynes 
the sweep oscillator to the desired 
Amateur band. Both oscillators are 
adaptations of an oscillator circuit that 
was used in some commercial test 
equipment. 

When I looked at the 15-meter band 
amplitude versus time display on my 
oscilloscope, there was a lot of discon- 
certing distortion of the signal that I 
believed should be nearly sinusoidal. 
Looking at the 15-meter output of the 
project on the SA-500E (Photo J) 
showed the cause of the distortion. 
There were a large number of mixer 
products and harmonics present. 

I discovered two problems that 
needed attention. First, the oscillator 
feedback control (C1 in Figure 2) was 
improperly adjusted. Second, I 
needed either a low pass or a notch 
filter on the mixer out~ut.  Photo K 

shows what happened when I 
adjusted the feedback control to a 
point between its initial adjustment and 
the point where oscillation ceased. (If 
anyone can propose a reason for this 
spectrum, I'd appreciate it. Just write 
to me at the address at the end of the 
column.) The trace in Photo K shows 
that the mixer product is still in the out- 
put, so I'll add a filter before I publish 
the circuit in this column. 

As you can see, there are several 
possible Amateur applications for the 
spectrum analyzer. You can use it to 
adjust the tuning of projects in progress. 
You can also use it to test transmitters 
for harmonic radiation. Federal Com- 

Bandsweeper mixer output signal when the 
feedback level was readjusted. 

nl, 

RFCJ 
J0OPH 

R F  OUTPUT 

TUNING 
VOLTAGE 

,iJ7 
NTE-614  
VARACTOR iCR* 

Oscillator used in the bandsweeper project. 
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munications Commission rules, com- 
mon sense, and plain old decency 
require that we suppress harmonic 
emissions as much as possible. 
Whether the equipment is homebrew 
or store bought, it's the transmitter's 
licensee who's responsible for the cor- 
rect operation of the unit. The spectrum 
analyzer helps because it lets you test 
transmitters for spurious emissions. 

Finally, you can use the spectrum 
analyzer to locate sources of RF that 
are interfering with your own opera- 
tions. It may also be helpful in locating 
NI  sources. It's quite possible for 
Amateurs to be blamed for TVI that 
isn't their fault - neighbors can be like 
that. (In my Novice days, an irate 
neighbor blamed me for TVl even 
when I was asleep, and before my first 
Heathkit transmitter arrived in the mail! 
I guess it was those 500-THz Martians 
who were using my receiver dipole. 
Seriously, though, a spectrum analyzer 
helps make such hidden signal hunts 
a lot easier.) I'm sure many other appli- 
cations will surface once a few 
Amateurs start using this instrument. 

Conclusion 
The Penntek SA-5OOE spectrum 

analyzer is a viable and useful tool for 
Amateurs. It costs about the same as 
a decent HF SSB rig ($1,495), so it may 
be a little pricey for many people. But 
if you're into serious technical work, or 
if your club would consider buying an 
instrument for everyone to use, you 
should consider this little analyzer. 
Penntek will be happy to send you a 
spec sheet and answer any reasonable 
technical questions. 

NCXE: Several readers have written 
to me, or approached me at hamfests, 
to suggest a panadapter project. A 
panadapter is like a spectrum analyzer, 
but tends to be fixed tuned to the IF 
frequency of a ham receiver and 
sweeps sufficiently to cover the entire 
band to which the receiver is tuned. 
Some receiver and transceiver 
manufacturers make these units as 
add-on adapters. Does anyone have 
any ideas for an Amateur panadapter 
centered on either 8.83 or 9 MHz3 If 
so, then drop me a line, or better yet, 
write an article yourself and submit it 
to Ham Radio! 

Joe Carr, K41 W, can be reached at 
POB 1099, Falls Church, Virginia 
22041. He would appreciate your 
questions and recommendations for 
this column. 



New Quad ClipTM 
Test Adapter Kit 

Pornona Electron~cs offers all six of its current 
famlly of Quad Cl~p test adapters in kit form. 
packaged In a convenient carrylng case. Units 
are designed to fit PCC or PLCC ICs with '3" 
leads. The klt, Model 5515. includes one each 
of Pomona's 20.28.44, 52.68, and 84-p~n Quad 
Clip Jest adapters. 

Quad Cl~p adapters use Pomona's patented 
snap ring lock~ng system to mount securely on the 
IC under lest. Output s~gnals are del~vered by 
staggered 0.025-inch square gold-plated plns. 

Model 5515 is described and illustrated in the 
1989 Pomona Electronrcs general catalog. 
Cop~es are available without charge from ITT 
Pomona Electronics. 1500 E. Nlnth Street, 
Pomona. California 91766. Phone: (714)623- 
3463. FAX: (714)629-3317. 

Circle 1301 on Reader Service Card. 

HAL PC-AMTOR 
PC-AMTOR IS a new HAL product designed 

spec~fically for Radio Amateur AMTOR. RTTY. 
and Morse code operation. The PC-AMTOR cir- 
cuit board plugs dlrectly into an IBM-compatible 
PC and includes user-friendly termlnal software 
on a 5.25" dskette. 

PC-AMTOR features improved AMTOR perfor- 
mance and simplified use. Both CCIR-476 and 
the new CCIR-625 AMTOR protocol are 
~ncluded. HAL software uses pull-down menus. 
Modes and features may be changed either via 
menu or by using "expert" key letter commands. 

PC-AMTOR also has standard Baudot and 
ASCII RTW, and an improved Morse code 

sendlrece~ve algorithm. A new auto receive 
mode takes the guesswork out of monitoring. 

PC-AMTOR tncludes a new "host mode" serlal 
110 port which lets you use PC-based APLink 
or mailbox programs - programs that support 
only PC serial I10 modem connections. 

PC-AMTOR is a full length PC-compatible 
card. It requlres a standard PC-XT or PC-AT wlth 
640K of RAM and a mrnlmum of one 360K 
floppy disk drive. Monochrome, CGA, and EGA 
video are also supported. PC-AMTOR does not 
require standard PC serial or parallel I10 inter- 
rupts or addresses. 

PC-AMTOR IS prlced at $395, including soft- 
ware. The model number IS PCI-3000. A new 
SPECTRA-TUNE tuning Indicator, the SPT-2, with 
integral cable expanslon and simple connec- 
tions to other devrces, will soon be available. 

For details contact HAL Communications Cor- 
poration. PO Box 365. Urbana. lll~nols 61801. 
Phone: (217)367-7373. FAX: (217)367-1701. 

Circle 1302 on Reader Service Card. 

"Fast Code" Test Prep 
Tapes for ARRL Exams 

Gordon West announces new Morse code test 
preparation tapes des~gned speclf~cally for the 
new ARRL "Fast Code" CW exam~nat~ons Code 

characters are generated at 18 wpm and spaced 
for the 5-wpm ARRL Nov~ce and the 13-wpm 
ARRL General tests. 

Radio School tapes are now distributed by the 
Radio Amateur Callbook, Inc., PO Box 247, Lake 
Bluff, lllino~s 60044 Phone: (312)234-6600. They 
are also available through most major Amateur 
Rad~o dealers. 

Clmk 1303 on Reader Service Card. 

ARMOR-FLEXTM Line of 
Portable Antennas 

The new ARMOR-FLEXm l~ne of portable 
replacement antennas is now available from The 
Antenna Specialists Company. There are more 
than 100 different PVC-dipped or polyurethane 
molded models for low band (30 to 50 MHz), 
VHF (141 to 174 MHz). UHF (406 to 512 MHz). 
and trunking and cellular (800 to 900 MHz). A 
new brochure including a handy selection 
guide, is available on request. The selection 
guide provides a cross-reference chart for quck. 
accurate antenna selection by rad~o type, con- 
nector requirements, and frequency. 

For more information, contact The Antenna 
Specialists Company, 30500 Bruce Industrial 
Parkway, Cleveland. Ohlo 44139-3996. Phone: 
(216)349-8400. FAX: (216)349-8407. 

Circle 1304 on Reader Service Card. 

New Voice Digitizer Has 
Added Features 

ORZ lndustr~es of Piedmont. South Carolina 
anriounces the uVB-1 natural voice d~git~zer. The 
uVB-1 is a single message voice digltlzer which 
can store up to 8 seconds of voice (expandable 
to 32 seconds with built-~n memory expanslon 
port). The unll has two auto repeat modes. One 
has rapid adjustable repeat for contesting (0 to 
20 seconds); the other has a programmable 
long repeat mode for repeater IDS (up to 20 
minutes). A built-in mon~tor clrcult, capable of 
driving headphones or a speaker, comblnes 
digitized and live aud~o with an auxil~ary audio 
input. There are separate adjustments for 
balancing live voice and digillzed aud~o, and set- 
ting auxiliary audio galn. 600-ohm ouput level. 
and monltor output level. To program your voice 
into the uVB-1 s~mply speak Into the microphone 
while the unit IS in record mode. 

The uVB-1X is slmllar to the uVB-1, but ~t uses 
CMOS static RAM for extremely low power con- 
sumpt~on and provides on-board memory 
llthium battery backup. A spec~al power-down 
circuit ensures that memory contents are main- 
tained when power IS lost. 
Model VB8A 

The VB-8A IS the next generat~on replacement 
for the popular VB-8. Model VB-8A has the bas~c 
features of the VB-8, along w~th a number of 
improvements and enhancements. Featuring 
eight soft-sectored messages, the V8-8A IS cap- 
able of recording up to 100 seconds of digitized 
speech. The audio quality has been improved 
by Increasing the dig~tizing rate to 40 kHz and 
adding 14 poles of audio filtering. A built-in mon- 
itor amplrfler is standard and an automatic serial 
number inserter (which uses the operator's own 
voice) has been added. 

(continued on page 88) 



JUNKBOX VARIABLE 
CRYSTAL 
OSCILLATOR 
By Charlie Tiemeyer; W3RMD, RD 2, Box 427-C, 
Chestertown, Maryland 21620 

I built an 80140 Meter Junkbox rig and needed a compat- 
ible crystal oscillator. I've come up with one that lets you 
"rubberize," or move your crystal frequency several kilo- 

hertz aboveand below the fundamental. Most of my "rocks" 
are the FT-243 type, but I'm sure any type you may have can 
also be shifted. 

The rig mentioned above uses a 6AQ5 oscillator tube, but 
any other oscillator tube should be adequate. My well- 
modified Globechief Model 90A usesa 6AG7 oscillator tube 
and this VXO works in it equally well. The only requirement is 
that your oscillator tube have a grounded grid through the 
crystal. 

VXO circuit 
Figure 1 shows the schematicdiagram of the JunkboxVXO. 

Note that it'sonly necessary to install or insert coil L1 and vari- 
able capacitor C1 in series between the crystal and ground. 
If you have room, it would be more convenient to add these 
components to your rig. I built my oscillator in a minibox 
approximately4" wide x 3" deep x 2-112" high for outboard 
use. Beforethis, however, I did install aVXO in the transmitter 
itself. 

If you don't have a minibox, you can get small metal cabi- 
nets in various sizes from Radio Shack. Two possibilities are 
their 3-112" x 2-118" x 4" cabinet (catalog no. 270-251) and 
their 4" x 2-318" x 6" cabinet (catalog no. 270-252). With 
a little ingenuity, you could probably use an empty coffee can, 
or something else of reasonable size. I suggest strongly that 
you use the smallest possible enclosure so that all leads are 
as short as possible. This will minimize unnecessary capaci- 
tive reactance. Make sure your enclosure is well shielded to 
reduce TVI. 

Some years ago I built an inboard VXO for my rlgs using a 
slug-tuned coil. A company called Calectro once made them 
in various ratings. I recall using one to cover 5 to 25 p H  It 
worked pretty well, but is no longer available. The amount of 
frequencyshift wasn't asgreat with theseslug-tuned coilsas 
it is with the coil used in this circuit. 

The LC circuit 
Basically I use 7-MHz crystals, but I can adjust the plate cir- 

cuitforoutputat 7,14, or21 MHz. I canalso use3.5-MHzcrys- 
talsand swing thefrequency- although not as much as I can 
with the 7-MHz crystals. L1, which is about 40 pH, works in 
series with C1 and the ground side of thecrystal to swing the 
frequency. You can adjust the circuit to furnish either capaci- 
tive or inductive reactance to the crystal with these two com- 
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ponents in a series-resonant circuit1~his meansC1 can tune 
from slightly above to considerably below the crystal's normal 
frequency. 

About 35 pF is all that's normally necessary for full range 

50-pF with shift. enough I didn't variable. have inductance It works a 35-pF okay, to variable achieve but uses capacitor, the only desired the so upper I'm frequency using 30 to a 

35 pF. If you close or fully mesh the plates of acapacitor that's 
more than 35 pF, you'll notice that your crystals won't oscillate. 
However, thecircuit will oscillate with a different tap on L1 and 
also with 80-meter crystals. A littleexperimentation is required. 

The inductance of L1 is around 40 pH. To determine this 
inductance, refer to the chapter "Electrical Laws and Circuits" 
in the ARRL Radio Amateur's Handbook, under the heading 
"Calculating Inductance." I happened to have an old Globe 

-- - 

L I 
5 4 0 ~ H  6105 
TAPPED AT 
29 TURNS --- 6 , --- --- rzq= $pi 

Chief tankcoil 1 inch in diameter, using about no. 18 enameled 
Schematic of the Junkbox VXO. The 6AQ5 oscillator circuit is wire, closewound. I use58turns, which approxirnates40pH, 
descrlbed in Amateur handbooks. and a tap at 29 turns - the half-way point. 
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WGSAI BOOKS 
by noted HR columnist Bill Orr, WGSAI. 

A U  ABOUT VERTlCAL ANTENNAS 
~.deslgn.anslruclionand o p e r c l l l o n a r e f u l l y ~ ~ ~ ~ d l o r M i d ~ m m .  G r d s  
and lhelr importance gel exha errphask. Conaruclbn dalalor25+ ammadeslgns. 192 
pages 01986 181 edttion 

RP-V A Sdbound $10.95 

THE RAM0 AMATEUR ANTENNA HANDBOOK 
CcMns all klnds d anlenw Iran HFto VHF, horizontal lovenlcal. CompRed from y w n  
o( WGSAl's exlensbe mllings. Great relerenm volume lo have on hand. Chodr lull d 
proven antenna desips that work1 190 pages 01978 1st edhion 

RP-AH Sotlbovnd $1 1.95 

INTERFERENCE HANDBOOK W A 6 M a  
WRh homes rapidly lilling wllh wlnerable electrmk rgu@mmt. kw*lng how to ~OIW 
Inlederenca problems Is a MI. WAGFOG has yeas d expstlenca and teL y w  
everychirg you need to know lo solve even the Ihomieal krtederenca problem. 0 1881 
1 st edition 

RP-IH Sdmound S11.95 

THE RAM0 HANDBOOK prd d l o n  
Great technical reswm lo have avail- h your Ham workhop Ful d all kinds d 
proleas, anlennas and Ihe besl mrrpilalh d HF and VHF h the Amateur 
Radb field. lndudes new easy-lo-use charla. graphs and tables. Em1 value In 
Amateur Radio loday. 1200 pages 01 986 23 edhbn 

22424 (Rsg $29.95 SAM 33) Hardbound W.85 

Pbare sncbse 33.75 rhlpplnO and hmdllng 
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m m 
Order lcdayl(603) 87E lU1  

Greenvllle, N.H. 03048 or 'FAX' us (603 878-1951 
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Using coil taps 
You may have a larger diameter coil or form. This might be 

alittle better, but it requiresfewerturns toachieve40pH. It may 
be wise to have at least two taps, perhaps several, which Satellite TV is still full of the wondermen 
should be close to the lower end of L1. made it so popular in the early '80s. TP 

By using taps, you can reduce the shift or use 10-MHzcrys- 
tals for the30-meter band. The inductance iscritical; too little 
gives insufficient shift, while too much producesa too fast tun- 
ing rate. It's best to use just enough inductance to shift to the 
desired frequency with theentire30 to35 pFof Cl. Of course, 
as I mentioned before, if you have more capacitance in your 
variable capacitor you'll use only the upper 30 to 35 pF. 

My L1 coil has just one tap because I use a bat-handle tog- 
gle switch to short half the coil. I found that by using this 
method with my 50-pF variable capacitor, I can tune a little 
higher or lower than the crystal frequency - depending on 
the switching arrangement used. You must experiment to 
achieve your desired results, but about 40 pH of inductance 
is necessary. 

There you have it, friendsof the ether. I'm sure you will have 
satisfactory results with this VXO. If you have only a handful 
of crystals, you can change frequency up or down without 

America's Weekly Guide To Satellite TV 
being completely "rock bound." I find this method gives crys- Onsat is unsurpassed for the most up-to- 
tal stability with VFO capability. 

You may find a few things toenhance thiscircuit. I'd appreci- 
date listings of satellite programming. Dr. 

ate any comments you have to offer. Q Dish, Mail bag, and the Transponder Service 
Watch are all geared to help you make the 
best use of your satellite TV svstem. A 

hide To Satellite N 

S N  Guide conk 
programming infurrrrauurl, pruuur;i reviews, 
home troubleshooting, and information 
about satellite N. A sample issue can be 
obtained for only $2. 

Both OnSat and S N  Gi 
for over 120 channels and Prime Time GI I U ~  

for over 50 channels. Subscribe to either the 
weekly OnSat or the monthly S N  Guide for 

guides and informat~on. call toll-tree 

r uu~~e/OnSaI  
PO Box 2384 Shelb 
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HT MOBILE 
COMPANION 
Handheld accessory 
uses just three 
circuit boards 

By Peter A. Lovelock, K6JM, 1330 California 
Avenue, Santa Monica, California 90403 

H andheld VHF and UHF transceivers (HTs or handy 
talkies) are popular with Amateur operators. Many 
use HTs for mobrle operatron; this gives you two 

radios for the price of one.   ow ever, using an HT in this mode 
has disadvantages. Low audio comes into a tiny speaker and 
may be drowned out by traffic noise before it reaches your 
ears. You might also experience battery discharge in the mid- 
dle of a QSO. 

The Mobile Companion alleviates these difficulties, and 
does so in a compact unit. One interconnecting cable to the 
HT provides the following features: 

Regulated 10.5-volts DC at 1 A to power the HT and save the 
battery. 
A constant voltage charger, which quickly replenishes a 
dead battery pack. 
A receiver audio booster, which delivers 2 or 8 watts to an 
external speaker. 
An optional PA system for emergency use and monitoring 
the receiver when you're not !n the car. 
A full schematic is shown in Figure 1. The battery charger 

and 8-watt amplifier (which doublesfor receiver audio boost 
and PA operation) are included. 

Not everyone will want all the features. I used three small 
pc boards for the audio amplifier and battery charger - which 
offer simple, flexible choices. 

Some HTs have a jack accepting up to 16 volts DC directly 
from the car battery. This doesn't protect against transient 
switching spikes or auto regulator failure, which may place a 
harmful voltage on the HT. The LM7805 regulator provides 
damage insuranoe; it helps relieve filter alternator whine and 
other noise. The regulator is set for 10.6 volts DC (the most 
common supply for HTs) and maintains regulation with the car 
battery to 12 volts DC. This means a sacrifice in RF output 
power for 5-watt RF HTs using 12-volt battery packs. 

I needed a small under-the-hood PA speaker for use with 
our local emergency team. I replaced the HT's 2-watt ampli- 
fier board with an 8-watt commercral module (see parts list). . . 
Two miniature relays switch the amplifier input and output for 
radio or PA mode. 

Functional description 
SWI and SW2 (DPDT slide switches) select the radio and 

PA modes, as shown in Table 1 and Figure 1. 
Setting SW1A In the R position connects the mic to the HT 

mic input for normal radio operation; in the P position it con- 
nects the mic to preamp Q1 for PA mode. Putting SW1B in the 
P position turnson flashing LED CRI and energizes K2 tocon- 
nect J1 (PAspeaker) to U2 amplifier output. Coil K1 isalsosup- 
plied voltage, but SW2A in the R position keeps K1 de-ener- 
gized and the amplifier input connected to R8  (radio gain 
control), for radio monitoring through the PA speaker. Plac- 
ing SW2A in the P position allows K1 to energize through 
SW28, connect~ng the amplifier input to RlO(PAgaincontrol), 
and operating the PA from the mic. In the P position SW2B 
causes LED CR2 to light, showing PA mode. 

Mode select arrangement 

SW1 SW2 
Rad~o PA 
Radio RX 

PA PA 
PA RX 

Mode 
Rad~o 
Rad~o 
MlclPA 
RXIPA 

Preamp Q1 provides gain for the mic to drive the 8-watt 
amplifier to full output. It's configured for a high-impedance 
dynamic or ElectretTM (capacitive) mic. R4, a 1-k resistor; is 
required only with an Electret mic and should be excluded 
when you're using a dynamic or ceramic mic. VCC 5 volts for 
the preamp is supplied by U1, a78L05 regulator (which also 
helps isolate car-generated noise from the mic line). 

The charger circuit was originally developed by Joe Moell, 
W00V. It comprises Q2 - a low-saturation PNP pass transis- 
tor TIP42A -controlled by U3, apA723 voltage regulator. Do 
not substitute another transistor for the TIP42A. The charger 
circuit is an adjustable constant-voltage type. 

A fully discharged battery pack will draw high current 
(about 750 mA) at first, tapering down to approximately25 mA 
as the battery pack is fully charged. SW3A selects full charge 
or a tricklecharge of 10 mA; SW3B controlsCR3 toshow when 
the full-charge status is on. 
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Schematic of the Mobile Companion. 
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Model WLA24M 
5-1000 MHZ PREAMPLIFIER 

For analyzers, scopes, radiorrv, ICOM 
R-7000, scanners, etc. Gain 23dB, 
Noise Fig. 3 dB, Pout (IdB) 18dBm, 
12-15 VDC. Usable 2-1100 MHz, with 
input protection, in cast aluminum 
case. Pull signalsfrom noise. Only 8 109 
+ $4. Bypass switch & 430150 MHz 
conv. available. 

, WILAM TECHNOLOGY 
00. Box 5174, MASSENA. N.Y. 13662 

(315) 769-8334 

ANTENNA SOFTWARE 
New Releases 

MN 2-00 analyzes tree-space antennas 2 3 tlmes faster 
than before, w~th hvlceasmany analyslssegments avail- 
able New plonlng features enhance pattern shape and 
detall Bener plot pnntouts Analyze alrnosl any antenna 
made of wore or tub~ng. In tree space or over reallstlcalty- 
modeled earth Compute forward galn. FIB, bearnw~dth. 
s~delobes, currenl. Impedance. SWR take off angle, and 
panerns Compute the lnteractlon among several nearby 
antennas MN ~ncludesl~brar~esotantennaand plotf~les. 
a f~le ed~lor, and exrenslve documentatton $75 

YO 2.00 features a poweriul new galn-FIB-SWR tradeoff 
mechanism, optlmlzatlon across a frequency band, con- 
trol of all s~delobes. and lull EGA color Betler des~gns. 
nlcer plots YO optlmlzes Yagl deslgns by autornat~cally 
adjusting element lengths 8 spaclngs tor maxlmum lor- 
ward galn. maxlmum FIB, and rnlnlmurn SWR YO IS ex- 
tremely last, and can compute several tnal des~gns per 
second YO Includes models for gamma. T, ha~rpln, and 
beta matches, element tapenng, mountlng plates, and 
frequency scallng A Yag~ Ihbrary. file ed~tor, and exten- 
slve documentat~on are Included $90 

Upgrade from prevlous versions for $50 8 $60 Add 6% 
for Cal~forn~a 8 tore~gn orders For IBM-PC 

Send check or rnternahonal money order to. 
Bnan Beezley. KGSTI. 507.112 Taylor. Vista, CA 92084 

I Electronic Repair Center I 
Sewicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS I Servicing l'Hams'' tor 30 years, no rig 
too old or new tor us. I 

1 4033 Brownsville Road I 
Trevose, Pa. 19047 * 2 1 5-357-1 400 

m 

L O F T W A R E  

AMATEUR RADIO COYIUTERSOFWARE 

MASTW LOG ~ s w  venim 
Master Lop mates a fib 01 2100 ~ndivldrd records with up to 13 difkmt enmes per recwd It can do a 
search and select based upon t lm,  frequency, mode and keeps lmk of OXCC and WAS Status, pnnts 
OSL l?bek and can %arch tts whde file In less lt!an 5 secoodsl Corrplete documentat~on IS lndded to 
hep learn and use thts trueb state of the-art bg(Fng pmgram 1988 
I I ~ M L ~ c ~ ~ ,  8L95 

SUPER LOG - -. -. . - - - 
Super ~ o g  glves you al the advantages of a conpnenz6d data base without sigrficantly the 
trao~tnnal bo format. Suoec Lw ako abws wu to mnt Wt elfher Selected contents M the m b  b9. 

CONTEST LOG 
Th~s disk contains far bffetmt contest progams; ARRL Sweepstakes. Reld Day, lhiversd WW Contest 
bg, pus a dupe c h d n g  mutine. Automahcaly enters date, time, band and serial wmbw for each con- 
tact. When the contest IS over, the pmgram wil print ywr results lisbm~ a! cbped and scored contacts in 
senal sequence WIUI all the necessary ~nformatm as wdl as conpleted score at the bottom of me page. 
i Ra-Cl (Fa C-M) $24.95 

Please enclose $3.75 shipping and handling. 

HAM RADIO'S BOOKSTORE Greenville, NH 03048 g~ 
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Refemnce Description Radio Shack Quantity 

PC BOARD 1, CONTROLLER 
0 1  Transistor MPSAl2 1 
U1 Voltage regulator 78U5 1 11zi!!?7 275-241 2 K1.K2 Relay, micro, SPDT. 12-volt coll 
RlO Trimmer potentiometer. 10 k 271-335 1 
R4-R12 Resistors. 1/4 watt. compositlon 9 
C1.C3 Capacitor, ceramic, O.llrF, 16 volts DC 2 
C2 Capacitor, ceramic, 0.01pE 16 volts DC 1 
C4.C9 Capacitor, 1OliF. 25 volts DC 2 
C8 Capacitor. ceramic, 0.0021tF 1 

PC BOARD 2, CHARGER 
0 2  Translstor, PNP power, TIP42 1 
U3 IC voltage regulator, LM723 276-1740 1 
R16,RT7. 
Rl9,RZO Resistor, 114 watt, cornposltion 4 
Rl8 Trimmer potentlometer. 1 k 271-333 1 
R15 Resistor, 100 ohms. 1/2 watt 1 
C5 Capacitor, ceramic, O.Oll& 16 volts DC 1 

DOWN EAST MICROWAVE 

MICROWAVE ANTENNAS AND EQUIPMENT 
Loop Vmgla Po-r Dlvidon L l m r  AmplHkn. Complete 

lirreys . L(Icroweve Trenaverten CSASFET P r e m p s  
TROPO . EME .Weak Slgnal 'OSCAR 902 1269 1296 
2304 - 2 4 0 0  3456 MHz 

Z J ~ ~ L V  45.1 1oopv.01 ~ZWMHZ ma1 s l o g  
1 3 4 5 ~ ~  45sl 1oopva~1 2 3 0 4 ~ ~ 1  ZWBI $09 
3333 LV 33el loop Vmgl W 2  MHz 11.5dB1 $108 

~d IB UPS SIH. $1 1 Wesl 01 IMI ~ , s ~ s s ~ p p ~  
AbOve anlorinas asanMM a ~ l n  Issled Kits avs~lsble 

MlCROMVE LINEAR AMPLIFIERS SSB. 
A N .  REPEATER. OSCAR 

23lOPA lr In 1Owoul 1240-13W MHz 13.W $265 
233SPA 1011n35woul 1240-l3W MHz 13.W 1315 
3310 PA I r In20wout  900.930 MHz 13.0V 1265 
3335PA l ~ l n 4 O r w l  900-930 MHz 13.0V 1320 
23LNA p n m p  O.7dB N.F. 1296MHz 1 90 
33LNA preamp 0.9dB N.F. 902 MHz 1 90 

rod as *lkkl. u ~ s ( 4 a  
SHF mnm mlcnwara lmnsrlen klla mllabk. 

,$we h. C4 r.I.Iw 

OOINEASTMICROWE 
Blll Olson. WJHQT 

Box2310.  RR 1. Troy. ME04987 
(207) 948-3741 

C6 Capacitor, ceramic. 0.005rF. 16 volts DC 1 
C7 Capacitor. tantalum. 5pF. 16 volts DC 1 

insulated mounting kit for 0 2  276-1373 1 

PC BOARD 3, OPTIONAL 2-WATT AUDIO AMPLIFIER 
U4 IC amplitler, LM38O 1 
C1 Capacitor. ceramic, 120 pF; 10 volts DC 1 
C2 Capacitor. electrolytic. 47jd 10 volts DC 1 
C3.C4 Capacitor, ceramic. 0.1@, 16 volts DC 2 
C5 Capacitor, electrolytic, 470pE 16 volts DC 1 
R I  Resistor 2.7 ohms. 1/2 watt. compositlon 1 

CASE COMPONENTS 
U4 IC voltage regulator 7805 276-1770 1 
CRI LED, flashing 276-036 1 
CR2,CR3 LED, mini, red 276-026 2 
CR4 'Rectifier, diode, 1N4001 276-1101 1 
SW1, sw2. 
SW3 Swltch, submln slide. DPDT 275-407 3 
Rl,R2 Resistor. 2.2 k. 114 watt 2 
R3 Resistor, 560 ohm, 114 watt 1 
R11 Potentiometer. 10-k, 2-watt AF taper 271-1721 1 
R13,R14 Resistor, 10 ohm wire wound, 5 watts 2 
F1 Fuse holder. 5x20 mm fuses 270-362 1 
J1 Standard 4-pln mic socket 274-002 1 
52 3-wire stereo jack, open 274-279 1 
53 Polarized, 3-pin power socket 1 
J4. J6 Submln 2-wire jacks 274-292 2 
J5 Min 2-wire jack, closed 274-296 1 
J7 DC power jack, coaxial 274-1563 1 

insulated mounting kit for U4 276-1373 1 
U2 Optional 8-watt audio amplifier module. GC 

Electronics, catalog J4-596. 
Case, alumlnum 3" x3" x4" 1 

Set of 3 pc boards etched and drilled may be 
obtained from: 
R.& R. Associates. 3106 Glendon. Los Angeies, 
California 90034. $6.75 ppd. 

/ 120 

# 9 
R-4C Enhancements 

Introducing MIX-4 ! 
Solid State 3rd Mixer Replacement 

The Solution to the One Remaining Problem with 
the Drake I Shemood R-4C 

Noisy 6EJ7 third-mixer luhec have plagued R-4(' 
owners for years. I:.lirninate frying. crz~ckling. 
microphonics, and power-line huuwithour newrst 
I'C-hoard module. 1:;lsv lo instzlll in any R-4C. 

lntroduccd & soldout at '89 1)ayton Hamvention" 

Sh~rwood Engin~~ring Inc. 
1268 South Ogden Stmtt, ~Gnvcr, CO 80210 

(303) 721-2257 Mondxv - Friday 9 A.M. - 5 P.M. 

Sales, Service & installations from: 
Drsi~n Elrcrronics Ohio. K N M  

(614) 836-571 1 D;~vc. (014) 836-3276 Evenings 

LTA lt~d~csrrics. K3LR 
(412) 528-9302 or (216) 533-7916 

I 

U.S. AMATEUR RADIO MAIL LIST 

Labels, floppy disks. CD-ROM. mag tape. 
Newly licensed hams 
All upgrades 
Updated each week 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mlnerai, Vlrglnla 23117 
70318965777 vlsalmc 8001282-5828 

rc 121 



WIN AN ICOM 1275, 
OR AEA FS430! 

OR ONE OF 
SEVERAL OTHER PRIZES! 

Your home video about any aspect 
of Ham Radio could win ! 

Enter the WWATSIATVQ 
Ham Video Contest. 

For rules and entry form send SASE to: 
WWATSIATVQ Video Contest 

1545 Lee Street, #73 
Des Plaines, lL 60018 

Entry deadline March 1, 1990. Enter today. 

Contest sponsored by Western Washington 
ATV Society and Amateur Television Quarterly 
Magazine. Winners announced at Dayton 1990. 

networks, as well as tips on monitor- 
ing everything from air-to-ground and 
ship-to-shore signals to radioteletype, 
facsimile and space communications. 

ORDER YOUR SUBSCRIP- 
TION TODAY before another issue 
goes by. In the US., 1 year, $18; 
foreign and Canada, 1 year, $26. For 
a sample issue, send$2 (foreign, send 
5 IRCs). For MCNISA orders ($15 
minimum), call 1-704-837-9200. 

MONITORING TIMES 
} ~ ) I I J  ( I I I / / I O J ~ / I I / I Z I P  .vnirrt2, 

n lq  ~ n o n l h .  

P.O. Box 98 A 
Brasstown, N.C. 28902 
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PC board 1, controller, etch side. 

l Z V D C  
AMPLINER OUT 

--> SWlB ,-> J4 (Rx SPKR) 

-) J5 (PA SPKR) 

- R! 

- R I Z - [ ~  Q;- 
-> R11 (PA VOL I N )  

-R6- 
-R7- -'I--> SW1A ( P )  

CZ -Rq- 

- R O I  

-> Rl1  SLIDER 

Riot-. .-> AMPLIFIER IN 

PC board 1, controller, component layout. 

Construction 
1 Most of the circuitry is on two boards. You'll need a th~rd 

board for the 2-watt audio amplifier if you use it instead of a 
commercial amplifier module. Board 1 includes the mic 
preamp, K1 and K2 relays, receiver audio-gain control R9 
(preset trimmer), and 5-volt regulator U1. Board 2 includesall 
the parts for the battery charger. Both boards can be assem- 
bled on perfboard using point-to-point wiring. For those who 
prefer them, pc board layoutsare shown in Figures 2'3 and 
4. RlO(PA volume), SW1, SW2, SW3, and J1 and J2 are panel 
mounted. 



ground bus; all other signal grounds must be connected to 
;+ +.. -.,..;A ;-..+-k;l;+. a 

PC board 2, charger, etch side. 

R18 

-R16- 

'CHARGE ' 
I 1 ~ 4 1 7 2 3  

GND 
-12 VDC 

1 I 

PC board 2, charger, component layout. 

Components lodated on the boards are shown within the 
dotted lineson theschematic, Figure 1. If you want to use pc 
boards, you can make them using the pc board drawings or 
obtain them from the source shown in the parts list. If you 
decide to use point-to-point wiring, these drawings will help 
you with component layout. Board 1 (controller) is shown in 
Figure 2A (etch side); Figure 28 shows the component lay- 
out and interconnecting wires. Figures 3A, 8, and C show 
board 2 (charger), and Figures4A, B, and C the2-watt audio 
amplifier. For convenience, the parts list is subdivided by 
board number or chassislpanel mounting. 

Assemble all resistorsand capacitorsfor board 1; then sol- 
der them and clip excess leads. Note fhat RIO (PA volume) 
shown in the Figure 1 schematic is not mountedon the board, 
buton the frontpanel. It'sconnected to the board with minia- 
ture shielded cable. Connect the shields to the board ground 
at one end and to the R10 ground lug at the other. Finally, 
assemble active components Q1 and U1, solder, and clip 
excess leads. 

Follow the same steps for assembling and soldering board 
2. However, note that TIP42 power transistor Q2 isconnected 
to the board on the etch side. The leads are bent so that the 
device can be mounted on the case bottom for heat sinking. 
Figure3C illustrates this assembly. 0 2  is mounted to the case 
with a mica insulating washer and no. 4 screw shoulder 
washer, so that thecollector tab is insulated from thecase. The 
mounting hardware isavailable asa kit, shown in the partslist. 
After you've put everything together, check your work with an 
ohmmeter to make sure that 01 tab is insulated from thecase. 
If it isn't, the 0 2  output will be shorted to ground and may dam- 
age the device. 

MOUNTING TAB I WITH INSULATING 
WASHER AND GIISKET) 

TIP 42 

I PCB2 END VIEW PC82 ETCH SIDE VIEW I 
Mounting TIP42 transistor to pc board 2. 

When assembling the boards, allow adequate lengths of 
rnputloutput wire (no. 22 insulated) to reach the destination 
point on another board or panel control. Use miniature 
shielded wire(where shown) for connections to the amplif~er 
rnput and output. It's important to avoid ground loops, part~c- 
ularly with the high gain associated with the preamp and 8- 
watt amplifier. Figure 5 shows a "star-type" grounding 
hookup. This hookup avoids daisy-chain ground loops, which 
can cause oscillation. The incoming -12 volts DC power line 
connects to a ground lug mounted to the case with external 
tooth washers and hardware for low-resistance connections. 
A no. 20 stranded, insulated wire is run from this lug to theV- 
input on the amplifier board or module. This is the main 

LEDsCR1. CR2, and CR3 are mounted on the front panel. 
Mounting-hole size depends upon the LEDs used. The 
mounting holes should allow the LEDs to fit snugly when 
inserted from the rear of the panel. Once the diodes are 
installed, put a dropof Crazy GlueTM on the rear panel and also 
on the LED. (This anchors the LED to the rear panel.) Connect 
one lead of R1, R2, and R3 to the respective LEDanode lead. 
Do this by twisting the leads, soldering them, and snipping 
off the excess. Connect the LED cathode leads in common 
with short lengthsof no. 22 wire, and then to the case ground. 
Connect the other LED leadsdirectly toSW1, SW2, and SW3. 
as shown in Figure 1. 

Figure 6A shows a hole-drilling guide. The case I used is 
3" x 3" x 4" aluminum. Radio Shack no longers stocks this 
size, but catalogs the same type in size 3"  
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PC board 3, 2-watt amplifier, etch side. 

OUTPUT 

PC board 3, 2-watt amplifier, component layout. 

try to dot hisafter mo;nting thecomponenis to the panels. It's 
a good idea to let the lettering dry overnight before putting on 
any kind of protective coating. If you don't, the liqu~d coating 
may cause the lettering to float off the panel surface. You can 
use DatakoatTM or clear nail varnish to cover the lettering; it 
should be flowed on gently with a small brush. I prefertwo light 
spray coats of VaratheneTM plastic lacquer applied evenly to 
the whole panel. Thisdries to a glass-hard finish, which reslsts 
scratching. 

Cable assembly 
Your final step is to make the cable which connects the 

Mobile Companion toyour HT. Figure 7shows this cable. It's 
made of two lengths of miniature s~ngle-conductor shielded 
wire and one length of two-conductor shielded wire. 

The connectors for the Companion end are determined by 
the jacks mounted on the Companion, as shown in the draw- 
ing. Select the connectors for the other end based on your 
radio'sconnectors. Some HTs have coaxial jacks for external 
power input with the center pin grounded and V+ on theouter 
ring. Others have V+ on the center pin and the outer ring IS 

grounded. Thecompanion power jack has thecenter pin at 
V+. If your HT input iscenter-pin grounded, you'll have to be 
careful when making a polarity reversal in thiscable. Connect 
the shield to the center pin and wire to the sleeve, as shown 
In Figure 7. 

Cable assembly length is determined by the distance 
between the Companion and the HT inside the car. You can 
bundle the finished cables into a single assembly with plas- 

Schematic of 2-watt amplifier. 

x 5-114" x 5-718". if you use this case you must modify the tic cable ties, dressing the length of each to reach the jacks 
drillina auide. I like the latter because it allows more space for on the HT. 
ease ;<construction. Each board is mounted with a single checkout and adjustment 
small L-bracket to the case bottom (Figure 6B). The 8-watt 
aud~o amplifier (if used) is mounted with two holes and 114- 1 use a small 0 to 20-volt 2'00-rnA Power supply for my ini- 
inch standoffs. You won't need the holes marked with an X tial checkout of any prO~eCt. This ensures that any shorts Or 
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r TO U4 OR PCB3 GROUND 
PCB1 GNO 
PCB2 GNO 

TO RIO (PA VOLUME) 
GND LUG 

@-- 
-- CASE BOTTOM (SEE FIG. 6 8  

FOR LOCATION) 

@ - I 
N0 .6  MACHINE SCREW 

@ PLAIN WASHER 

@ TOOTH WASHER 

@ LUG 

@ N0.6  NUT 

"Star ground" arrangement. 

miswirings have minimal chance of causing damage. Apply 
13.6 volts to the input terminals. Check that the U1 output is 
5 volts DC and the U4 output is 10.5 volts. If they check out, 
it's safe to assume that there are no power shorts. 

Adjusting HT power 
If the voltage measured at U4 OUT is more or less than 10.6 

volts DC, vary thevalueof R21 until the voltage is 10.6 volts DC. 
If your HT is normally 12 volts DC, you can change R21 to 
obtain 12 volts regulated output. However, to stay in regula- 
tion, the input from the car battery will have to be at least 14 
volts(2 volts more than the regulator output). When the engine 
is idling or stopped, the battery voltage falls to about 12 volts. 
If your HT has a 6-cell battery pack (7.5 volts), adjust R21 to 
about 120 ohms to measure-7.5 volts from U4. 

Adjusting the battery charger 

I FRONT PANEL - 

I_- I 

NOTES. 
I .  S W I .  2 AND 3 -  318 x 3/16 SLOTS w l r H  z MATCH-DRILLED MTG HOLES 
2 L = LED MTG. HOLL'S NOT OlMENSlONED 
3 J7 -  MATCH-ORILI. 2 MTG. HOLES 
4 DIMENSIONS ARE IN INCHES 

REAR PANEL- e 
I *1-1/4+ 

I T3 CUTOUT I 

-DIMENSIONS IN INCHES- 
1-1 I/. 

Case drilling guide. 

TOP 
VIEW 

Note that CR4, a 7-A diode, is connected in series with the 
charger output and JB. CR4 is wired directly from SW3A to the 
connector. The purpose of this diode is toprevent the battery 
from shorting when the line is plugged into the H I  If your H T 
has an internaldiode for the same reason, omit CR4 and run 
a wire between SW3A and J8. 

Measure the voltage at SW3A (Q2 collector) with a digital 
voltmeter, making sure there is no battery connected to J8 and 
that SW3A is switched to CHARGE. Adjust R18 until the volt- 
meter reads 12 volts. This is equal to eight cellsfully charged 
to 1.43 volts, plus the 0.7-volt drop through CR4. If you don't 
use CR4, adjust for a DVM reading of 11.4 volts. 

If your HT has asix-cell, 7.5-volt battery, adjust R18for a DVM 
reading of 9.3 volts with CR4 in the circuit, or 8.6 volts if CR4 
is not used. 

Once the unit is set up for your battery voltage, you don't 
need to make any further adjustment of R18. Charge taper is 
automatic. You can checkcurrent limiting by connecting a 10- 
ohm, 10-watt wire-wound resistor across J8 in series with a 1-A 
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REAR PLlNEL 
r 

"STAR * 
8 

GND 

i 
: 

FRONT PANEL 

current meter. You should get a reading of 650 to 850 mA. For 
' 

afinal check, charge the battery fully with its regular charger. Case component locations. 



TO BATTERY 

P 8  CHARGE IN 

SPKR OUT 

(SPLICE)  
MIC IN 

(STEREO PLUG) 

IOVDC PWR IN 
+ (SEE TEXT REF 

---- ---- -------------------- &- POLARITY 
P7 REVERSAL ) 
(COAX PWR PLUG) 

SELECT 
1 CONNECTORS 

TO MATCH HT 

Interconnecting cable assembly. 

Connect it, in series w~th a 100-mA current meter, to J8. It 
should read approximately 25 mA. Switch SW3A to TRICKLE; 
this should give a current reading of 10 mA. If the reading is 
higher, increase the value of R15 (100 ohms) to get a reading 
of 10 mA or less. 

One last note: If your HT doesn't have separate inputs for 
POWER and CHARGE, you obviously can't use thesetup as 
described. In thlscase you may omit the U4 regulated power 
c~rcuit and cable, but have the charger connected during 
operation. The HT will operate from its battery during trans- 
mit mode, and the battery will receive a "boost" charge dur- 
ing receive cycles. This is an acceptable alternative that I used 
for several years without having a battery run down on me. 

Adjusting the receiver audio amplifier level 
R10, the trimmer potentiometer on pc board 1, isaset-and- 

forget control for adjusting the audio level to the external 
speaker. Connect the HT speaker output to J4. Make sure 
SW1 is set to RADIO. Adjust R10 fully counterclockwise. Turn 
on both units. Set the HT to an active channel. Turn the HT vol- 
umefully clockwise. Adjust R10 until audio level from the exter- 
nal speaker is a little too high for comfort. A comfortable audio 
level is always regulated by the HTvolume control; R10 needs 
no further adjustment. 

Checking the PA system (optional) 
Plug the microphone into J1 and PA, or a test speaker into 

J5. Set SWl and SW2 to PA. Set R11 (PA VOLUME) counter- 
clockwise. Turn on Companion. Advance PA volume slowly 
clockwise while talking into a microphone. Caution: If a test 
speaker isclose by, you will get loud audlofeedback. Run the 
speaker In another room, if possible. Olsconnect the mlc. 
Advance PA volume fully clockwise; an increasing hiss should 
be heard. 

If an audible howl occurs near full volume, or if the hisslevel 
drops suddenly near full volume-control setting, instability is 
present. Thedrop in the hisslevel iscaused by high-frequency 
oscillation above the audible level. If this happens, check U2 
output with an oscilloscope or AC voltmeter for obvious oscil- 
lation. If it is present, it'salmost certainlydue to poor ground- 
ing. Check to see that your grounding conforms with that 
shown in Figure 5. Do not let the 8-watt amplifier continue to 
run in an oscillating mode. Severe overheating and damage 
will occul: 

BIBLIOGRAPHY 
1 Joe Moell. K0OV "A Fast Charger and Regulator lor the Ternpo S:' OS1; June 1981, page 35 
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FOR SALE: Kenwood R-2000 SW receiver, $400. Ranger 
AR-3500 10 meter. l00W mobile XCVR, $300. Both excellent 
condition and appearance. Matt. WAIHRE. (203) 693- 
04681693-8596. Leave message. . , - 

VHFlUHF MODULES for 6M to 23cm. Catalog. TEC, PO Box 
1743. Melbourne. FL 32902. (407) 676-6907. 

INTERESTED IN PUBLIC SERVICE? Join your Local Radio 
Emergency Associated Communications Team. In Pennsyl- 
vania call (71 7) 938-6943 or write REACT, 1160 Old Trail Rd, 
Etters, PA 17319. HAM SOFTWARE IBMICompatibles 10 disks $26.95. 

MCNISAIDiscover. N5ABV EAPCOIH. Keller, TX 76248-0014. 
(81 7) 498-4242. 1-800-869-7206. PC DRILL BITS sizes 55,56,58,60,62.65,66,68,70. $1.25 

each or 5 for $5. Free shipping. S Systems, Box 1724, Tempe, 
AZ 85260-1724. 

- 
CHASSIS AND CABINET KITS. SASE. K3IWK. 5220 Harmo- 
nv Grove Rd. Dover. PA 17315 

ICOM IC-04AT UHF Handie Talkie. $260.00 postpaid. Postal 
money order only. Rick Blackburn. 433 So. Wall #4. Los 
Angeles, CA 90013-1516. 

RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO 
to G.L. Pierce. 5521 Birkdale Way. San Diego. CA 92117. 
SASE brings Information RTTY JOURNAL published 10 times per year for those 

interested in digital communicatlons. Read about RTTY, 
AMTOR. MSO'S. PACKET, R lTY DX and Contesting. Plus 
technical articles concerning the digital modes. $12.50 per 
year (foreign higher). RTTY JOURNAL, 9085 La Casita Ave, 
Fountain Valley, CA 92706. 

ELECTRON TUBES. Rece~vlng, transm nlng microwave all 
types available Large stock Next day delivery, most cases 
DAILY ELECTRONICS. PO Box 5029 Compton. CA 90224 
(213) 774-1255 FLEA MARKET 
RECONDITIONED TEST EQUIPMENT $1 25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, 
shape colors. Five patch minimum. Free sample, prices and 
orderkg information. HElN SPECIALTIES, Inc., 7960 SW 
Manitou Trail, Glen Arbor, MI 49636. (616) 334-4385. COMING EVENTS RATES Noncommercia l  ads 100 per word; 

commercia l  a d s  600 p e r  word  both payable 
In advance. N o  cash discounts o r  agency com- 
missions allowed. 

HAMFESTS Sponsored b y  non-profit or- 
ganizations receive o n e  f ree Flea Market  a d  
(subject to  our  edit ing) o n  a space available 
basis only. Repeat insertions of  hamfest  ads  
p a y  the  non-commercia l  rate. 

COPY N o  special  layout or  arrangements 
available. Material should b e  typewritten o r  
clearly pr inted ( n o t  a l l  capitals) a n d  must in- 
clude full name a n d  address. W e  reserve the  
right to  reject unsuitable copy. Ham Rad io  can- 
not  check each  advertiser a n d  thus cannot b e  
he ld  responsible for c la ims made.  Liabil i ty for 
correctness of  material l imited to  corrected ad 
in next  available issue. 

DEADLINE 15th of second preceding 
month.  

SEND M A T E R I A L  TO: Flea Market, H a m  
Radio, Greenvil le. N .  H .  03048. 

-- 
IBM-PC RTTYICW. New CompRtty II is the complete 
RTTYICW program for IBM-PC's and compatibles. Now with 
larger buffers, better support for packet units, ictures, much 
more. Virtually any speed ASCII. BAUDOT, 8W. Text entry 
via built-in screen editor! Adjustable split screen display. 
lnstand modelspeed change. Hardcopy, diskcapy, break-ln 
buffer, select calllng, text file transfer, customizable full screen 
log ing, 24 programmable 1000 character messages. Ideal  for&^^^ and traffic handlin Requires 256k PC or AT com- 
patible, serial port. R S ~ ~ ~ C Q U .  $65. Send call letters (includ- 
ing MARS) with order. Dav~d A Rice. KCPHO, 144 N. Putt 
Corners Rd. New Paltz, NY 12561. 

-- 

Activities - "Places to go . . ." 

ONTARIO: February 3. The Niagara Peninsula ARC's 12th 
annual Big Event, hamfest and dinner dance, C.A.W. Hall, 
124 Bunting Road, St. Catharines. Admission $3. Talk in on 
147.24184, For informatlon wrlte NPARC. PO Box 692, St. 

BATTERY PACK REBUILDING: Don't pltch it-mail it-for 
FAST-PROFESSIONAL servlce! Sat~sfact~on ouaranteed! 

Catharines. Ont. L2R 6Y3 or Dhone 1416) 682-4844 . . .  
NEW YORK: February 11. Melville. Hamfest sponsored by the 
Long Island Mobile ARC. Electricians Hall, 41 Pinelawn Rd. 
9 AM to 4 PM. $5 at door. No advance. Talk in on 146.25185. 
Contact Neil Hartman. WE2V (516) 462-5549 or Mark Nadel, 
NK2T (516) 796-2366. 

OHIO: February 11. The Mansfield Mid'Winter Hamfest/Com- 
puler Show. Richland County Fairgrounds, Mansfield. Doors 
open 7 AM. Tickets 541advance; 55ldoor. Tables 57ladvance; 
$10/door. Talk in on 146.34194. For information of 
ticketsltables SASE to Dean Wrasse, KBBMG. 1094 Beal 
Road. Mansfield. Ohio 44905. (419) 589-2415 after 4 PM EST. 

WANTED: Old, unusual and foreign bugs (semiautomatic 
kevs). Smilev. WB4EDB. PO Box 5150. Freder~cksburq. VA 

BEGINNER'S RADIO CLEARINGHOUSE. On a space avail- 
able bass, we are golng to offer you. OUR SUBSCRIBER. 
free of charge, a chance to tlnd a home lor your used equlp. 
ment wlth a new Ham Please send US a short descr~pt~on of 
what vod want to sell along with prlce, name, address and 

QRP TRANSMITTER: 2 watt crystal rig in kit form. 8Om and 
40m $23. WDBOYG. SR 1, Box 2-C, St Leonard, MD 20665. 
(301) 586-2177. 

MASSACHUSETTS: Februar 17 Electronic Flea Market 
sponsored by the Algonquin KRC: Marlboro Middle School 
Cafeteria, Union St, Marlboro. 10 AM to 3 PM. Sellers 8 AM. 
Admission $2.00. Tables $10/advance: 512Idoor. Wheelchair 
accessible. For information Ann, KAIPON (508) 481-4988 or 
write AARC. Box 258. Marlboro, MA 01752. 

phone number. We'll run itonce in a special section of the 
classified ads under the headjng of BEGINNER'S RADIO 
CLEARINGHOUSE. Please limlt vour ad to 20 words or less. 

LET THE GOVERNMENT FINANCE your small ouslness 
Grantslloans to $500,000 Free recorded message 707.446- 
0270. (KH5). 

-- 
BEAT THE COLD1 Melbourne, FL QTH: 4:2:2 (3100 sqlft) 
house 1.6 + acres 220V wired shack with coax races built 
in, ~ ~ 0 ~ 1 2 5  pad, horkshop, pool, sprinkler system, in the 
country no restrictions, many tall pines and oaks, easy com- 
mute to Cape Canaveral, close to fish~nglbeacheslshopping, 
SAE for details and photos. $209,000. NODH14. 

-- 
AVANTEK ATF10135, $12.00. MMIC's, PC.  board. SASE: 
WASIAC, 7146 Montague St, Philadelphia, PA 19135. 

FOR SALE: Kenwood TS.530S Transcelver, extra Llters. $525 
1990 North Amerlcan Callbook. $24 75 postpa~d Ddane 
Helse. AA6FE. 16832 Whlrlwlnd Lane, Ramona. CA 92065 

FLORIDA: February 17-18. Sarasota Hamfest. South Florida 
Section ARRL Convention. Computer Show. Robarts Arena. 
3000 Rigling Blvd, Sarasota. 9 AM to 4 PM. Admission 
$5ladvance; $7ldoor. Talk in on 146.311-.91, 147.901-.30 and (61 9) 789-3674 eves. 

WANTED: Ham equipment and other property. The Radio 
Club of Junior Hi h School 22 NYC Inc. is a nonprofit organi- 
zation, ranted 5%1(~)  (3) status by ihe IRS, incorporated with 
the goa!of using the theme of Ham Radio to further and en- 
hance the education of oung people nationwide. Your prop- 
erty donation or financiarsupport would be greatly appreciated 
and acknowledged with a Feceipt for your tax deductible con- 
tribution. If you call or wrlte today 11 s not too early to get a 
1990 tax deduction. It's easier, faster, and usually more profit- 
able to donate than to sell. Most Important, you're helplng. 
Write us at: PO Box 1052, New York. NY 10002. Round the 
clock hotline: (516) 674-4072. - 

449.4251-,925. For information contact Hadley Carrigan, 
N40DK, 101 N. Adams Drive. Sarasota, FL (813) 388-2668. 

INDIANA: Saturday, February 24. The LaPorte ARC's Win- 
ter Hamfest, LaPorte Civic Auditorium. Donation $3.50. Talk 
in on 146.52 slmplex. For table reservation ($3.50) SASE to 
LPARC, POB 30. LaPorte, IN 46350. 

"HAMLOG" COMPUTER PROGRAM. Full leatures. 17 mod. 
ules Auto-lo s 7 band WASIDXCC Apple $1995 IBM 
CP/M K A Y P ~  Tandv C128 $24 95 HR-KAIAWH. POB 

MINNESOTA: February 24. The 9th anqual Midwinter Mad- 
ness Ham Radio and Computer Show, Medina Ballroom, High- 
way 55. Sponsored by the Robbinsdale ARC. 7 AM to 2 PM. 
Admission 53ladvance; $5/door. Talk in on 147,60100. For 
information Bob Are1 (61 2) 545-1059 evenings and (612) 425- 
2424 days 

FLORIDA: February 24. Brooksville. The Hernando County 
ARKS 8th annual Hamfest, Hernando County Fairgrounds 
auditorium. Tickets 53ladvance; 54ldoor. Swap tables $8. For 
ticketsltable reservations SASE with check to Hernando 
County Amateur Radio Association, PO Box 34605-1721. 
Brooksvllle, FL 34605. 

- . . . . . . . . . . . - , . - - , , . 
2015, Peabody. MA 01960. 

-- 
YAGl BUILDERS. 6061-T6 tube traps. Good for 1500 PEP. 
SASE for details. No collect calls. BROWN ENGINEERING 
INC, 5501 SW 25th Court, Hollywood. FL 33023. (305) 989- 
4658. JOHNSON VIKING RANGER Transm~tterlexciter. and Drake 

2-8 receiver-exceltant-$200 00. Stephen Hollls. KA9SSP. 
1876 Adams Rd. Eagle River. WI 54521 (715) 479-4604. 

KENWOOD TR-9000 2m all mode, factory boxed $325. Mobile 
8 channel receiver 30-50 MHz $10. VHF mob~ le  
repeaterlextender unit wlmanual $75. Several old Hallicrafters 
receivers $25-575. WANT: Yaesu FT-2700RH mobile. Cush- 
man CE-3 test set. K6KZT (805) 528-3181. 

. 

FOR SALE: One Delta Ten-Tec Transcelver wlth Delta anten- 
na tuner, mlc and power supply $400 00 H Nelsen (616) 
642-6573 

VERMONT: February 24. Milton. The Northern Vermont Mid- 
Winter Hamfast, Milton Hi h School Rt 7 9 AM to 3 PM 
Admission $2. Free tables &Fs. ~ a l k  in on'145.471-600.  or 
information Milch Stern. WB2JSJ 1802) 879-6589 or Tom Tav- 

FREE LIST of low cost ham,equi ment. Write to Jim Braddy, 
WA4DS0, 3037 Audrey Drlve, Eastonia. NC 26054. HAM SWAPPER TRADING POST. FREE first ad up to 30 

words. Purchase not required. Additional words 20 cents each. 
Twice month1 publication of Ham and Computer related 
equipment. ~uiscriptions $1 I ,001year (24 issues). Ham Swap- 
per, 217 N. Hamilton, Pratt, KS 67124. 

WANTED: Schematic or any other information concerning the 
ANlURR58receiverfrom Squires-Sandeffi. WantedalsoSS-lR. 
SS-IVBS in good condition;. Marion Arthur Ambrose Jr, Contel 
Page Inc. APO New York. NY 09794-007. - 
450 MHz SPECTRUM ANALYZER. Adapted from Nov 85 QST 
article by Al Helfrick, K2BL.A. Features: Three digit LED cen- 
ter frequency digital readout. 12 position calibrated Scan 
Width 1 kHz to 50 MHz, switchable bandwidth; Wide 5 300 
kHz Fjarrow 5 10 kHz. Use your low frequency scope for the 
dispiay portion Switchable 10 kHz video filter. Variable IF 
attenuator, LOG output calibrated in 10 db steps. For com- 
plete kit. order X450KIT $459.95 plus $4.50 slh. For assem- 
bled and tested unit. order 450-AST, $799.95 plus $6.50 slh. 
Calif residents add 6% sales tax. Fore~gn orders add 15% for 
shipping. A 8 A Engineering, 2521 W. Lapalma. #K, Anahelm. 
CA 92801. (71 4) 952-21 14. 

WANTED: All types of Electron Tubes. Call toll free 
1-600-421-9397 or 1-61 2.4249397. C 8 N Electronics. Harold 
Bramstedt, 6104 Egg Lake Road, Hugo. MN 55038. 

lor. NlEXY 1802) 893-4834. . . 
TEXAS: February 24. The Orange ARC's fifth annual Hamfest- 
Flea Market National Guard Armory Meeks Drive Oran e 
8 AM to 4 ~ h .  For information shewbod B u c k a l e w , ' ~ ~ 5 ~ 8 ~  
(409) 883-61 11. Dan Killough, WB4GYS (409) 769-9603 or 
Rick Lewis. KF5GV. 

TEKTRONIX: 7603N11 S Two 7A15AN11, One 7B53AN11 
plug-ins (no di ital readout) panel cover. No probes. $450. 
($425 ickup) general Dynakics: R1051BlURR receiver, 2-30 
MHz 4500. dollins: 51% $850. 516E-1 $50. James Craig, 
W l  FBG (603) 964-6658. 

MICHIGAN: February 25. The 20th annual Livonia ARC's 
Swap 'n Shop. Dearborn Civic Center, Dearborn. 6 AM to 4 
PM. Talk in on LARC Re eater 144.7515.35 and 146.52 sim- 
plex. For information S A ~ E  to Neil Coffin, WABGWL, Livonia 
ARC, POB 21 11. Livonia, MI 46151 

DIGITAL AUTOMATIC DISPLAYS. An radio. Be specific. 
Large 45 cent SASE. GRAND SYSTEMJ, POB 2171, Blaine, 
WA 98230. 

RADIO SHACK Color Computer Ham Software and Hardware. 
Free catalog. D namic Electronics, POB 896, Hartselle, AL 
35640. (205) 771-2758. 

VIRGINIA: February 25. Winterfest sponsored by the Vienna 
Wireless Society, Vienna Community Center, 120 Cherry 
Street, Vienna. Setup 6 AM. Public 7:30 AM. Admission 
pldoor. 5IOltailgate. No advance. For information Harry Kak- 
I~kian, WOACN, 4941 Andrea Avenue, Annandale, VA 22003. 
(703) 978-4402. 

OHIO: February 25. The Cuyahoga Falls ARC's 36th annual 
Hamfest, Akron North High School. 6 AM to 3 PM. Tickets 
53iadvance; $4ldoor. Tables 55ladvance; 56ldoor. Wheelchaw 
accessible For lnformation Bill Sovinsky, K8JSL. 2305 24th 
St. Cuyahoga Falls. OH 44223. (216) 923-3830. 

WANT OLD BUGS (Speed keys) of any type. WB4EDB, 
Smilev While, PO Box 5150, Fredericksburg, VA 22403, 

KD9KW QSLs. Globe, Eagle. Tower, and State Octllne de. 
slgns $91100. $151300. $3311000 Shlppnng Included. Guaran 
teed correct1 Free samples Snell Pnntlng, Box 508, Roc6ton. 
IL 61072 

IMRA Internat~onal Misslon Rad~o Assoc~at~on helps mlsslon- 
arles ECl~l~ment loaned Weekday net. 14.280 MHz. 1-3 PM 
Eastern.'Niine hundred Amateurs in-40 countries. Rev. Thomas 
Sable, S.J., University of Scranton, Scranton, PA 18510. 
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MASSACHUSETTS 
TEL-COM, INC. 
675 Great Road, Rte. 119 
L~ttleton, MA 01460 
(508) 486-3400 
(508) 486-3040 
The Ham Store of New England 
You Can Rely On. 

MISSOURI 
MISSOURI RADIO CENTER 
102 NW Business Park Lane 
Kansas City, MO 64150 
(800) 821-7323 
Missouri: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

NEVADA 
AMATEUR ELECTRONIC SUPPLY 
1072 N. Rancho Drive 
Las Vegas, NV 89106 
(702) 647-3114 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-530, Sat. 9-3 

NEW HAMPSHIRE 
RIVENDELL ELECTRONICS 
8 Londonderry Road 
Derry, N. H. 03038 
(603) 434-5371 
Hours Mon.-Sat. 10-5: Thurs. 10-7 
Closed SunlHolidays 

NEW JERSEY 
ABARIS SYSTEMS 
276 Oriental Place 
Lyndhurst, NJ 07071 
(201) 939-0015 
Don WB2GPU 
ARRL. Astatic, Astron. B&W, Belden, 
Bencher, Hustler, Kenwood, Larsen. RF 
Concepts, Tonna and much, much more! 
Tues.-Fri. 10AM-7:30PM 
Thurs. 10AM-9:OOPM 
Sat. 10AM-4:OOPM 
VlsalMC 

KJI ELECTRONICS 
66 Skytop Road 
Cedar Grove, 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
D~str~butor of: KLM, Mirage, ICOM. Larsen, 
Lunar, Astron. Wholesale - retail 

Ham Radio's guide to help you 
find your local Amateur Radio 
Dealer 

CALIFORNIA 
ATECH ELECTRONICS 
1033 Hollywod Way 
Burbank, CA 91505 
(818) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

JUN'S ELECTRONICS 
3919 Sepulveda Blvd. 
Culver City, CA 90230 
(213) 390-8003 
(800) 882-1343 Trades 
Habla Espanol 

COLORADO 
ALLIED APPLIANCE & RADIO 
4253 South Broadway 
Englewood, CO 80110 
(303) 761-7305 
1 (800) 321-7305 (Orders only) 
Rocky Mts AmateurlShortwave Specialists, 
TenTec, Yaesu, JRC-NRD, Sony , MFJ, 
KLM, and other f~ne gear New and used. 
VisaIMC. Antennas, books, discount prlces 
too! 

COLORADO COMM CENTER 
525 East 70th Ave. 
Suite One West 
Denver, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu. Encomm, ICOM 

CONNECTICUT 
HATRY ELECTRONICS 
500 Ledyard St. (South) 
Hartford, CT 06114 
(203) 527-1881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

DELAWARE 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 Concord Pike 
Wilmington, DE 19803 
(302) 478-2757 
Delaware's Friendhest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 Meadow Road 
New Castle, DE 19720 
(302) 328-7728 
(800) 441-7008 
Icom, Ten-Tec, Microlog, Yaesu, Kenwood, 
Santec, KDK, and more. One mile off 1-95, 
no sales tax. 

FLORIDA 
AMATEUR ELECTRONIC SUPPLY 
1898 Drew Street 
Clearwater, FL 33575 
(813) 461-4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours Mon.-Fri. 9-530, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 Commonwealth Ave. 
Orlando, FL 32803 
(305) 894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours Mom-Fri. 9-530, Sat. 9-3 

HAWAII 
HONOLULU ELECTRONICS 
819 Keeaumoku Street 
Honolulu, HI 96814 
(808) 949-5564 
Kenwood. ICOM, Yaesu. Hy-Gain, Cush- 
craft, AEA, KLM, Tri-Ex Towers, Fluke, 
Belden. Astron, etc. 

IDAHO 
ROSS DISTRIBUTING COMPANY 
78 South State Street 
PO. Box 234 
Preston. ID 83263 
(208) 852-0830 
Mon. 9-2, Tues.-Fri. 9-6; Sat. 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on Hand 

lLLlNOlS 
ERICKSON COMMUNICATIONS, INC. 
5456 N. M~lwaukee Avenue 
Chicago, IL 60630 
(312) 631-5181 
Hours: Mon. - Frl. 9-5 30, Sat. 9-3 

INDIANA 
THE HAM STATION 
220 N. Fulton Avenue 
Evansv~lle. IN 47710 
(800) 523-7731 
(812) 422-0231 
ICOM. Yeasu, Ten-Tec, Cushcraft, Hy-Gain, 
AEA & others. 

MARYLAND 
MARYLAND RADIO CENTER 
8576 Laureldale Drive 
Laurel, MD 20707 
(301) 725-1212 
(800) 447-7489 
Kenwood. ICOM, Ten-Tec, Kantronics. Full 
service dealer. 
Mon.-Fri. 10-8, Sat. 9-5 
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THE RF CONNECTION 
"SPECIALIST IN RF CONNECTORS AND COAX" 
Pm NO. Omrlpllon Rfu 
321.11064.3 BNC 2 PST 28 rol l  coarlal nlq. 

Amphenol 
lntertlon lon: 0 lo 0.7Hillr. 
0 lWB 
Power nlbg: 0 lo O.IA, 100 
want CW. 2 h y a k  
Itolallon: 0.1 GHz145db. 0.2 OW SZS u m d  
4Odb. 0.4  GUu3Sdb Mdsd 

83.822 PL 259 Teflon. Alnphenol 1 75 
PL.2591ST UHF Male S~lver Teflon. USA 1 50 
UG-21DIU N Male RG-8.213.214. Amphenol 3 25 
UG-21BIU N Male RG.8. 213.214. K~nos 4 M) 
99131PIN N Male Pin for 9913,9086. 8214 

111s UG-21DIU 8 UG.21BIU N's 150 
UG-21019913 N Male lor RG-8 wlth 9913 Pin 3 95 
UG-21B19913 N Male lor RG.8 w ~ l h  9913 Pln 5 75 
UG-146AIU N Male lo  SO-239. TeflonUSA 6 M) 
UG-83NU N Female lo SO-239. Teflon USA 6 W 

"THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY" 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 

Ga~thersburg, MD 20877 

(301 ) 840-5477 
VISAIMASTERCARD Add 4% 
Pr~ces Do Not Include Shtpping 

G5RV 
MultiBand Antenna 

10 thru 160 Meter 
Factory Wired & Tested 

MADISON ELECTRONICS SUPPLY 
3621 Fann~n 
Houston, TX 77004 
(713) 520.7300 
Chr~strnas? N o f l  

MISSION COMMUNICATIONS 
11903 Aleif Clodine 
Su~te 500 (Corner Harwin & Kirkwood) 
Houston. Texas 77082 
(713) 879-7764 
Now ~n Southwest Houston-full l~ne of 
equ~pment. All the essentials and extras for 
the "ham." 

WISCONSIN 
AMATEUR ELECTRONIC SUPPLY 
4828W.FondduLacAvenue 
M~lwaukee. WI 53216 
(414) 442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-0411 
Mom-Frl. 9-530, Sat. 9-3 

Dealers: 
YOU SHOULD BE HERE TOO! 
Contact Ham Radio now for 
complete details. 

NEW YORK 
BARRY ELECTRONICS 
512 Broadway 
New York, NY 10012 
(212) 925-7000 
New York City's Largest Full Service Ham 
and Commercial Radio Store. 

VHF COMMUNICATIONS 
280 Tiffany Avenue 
Jamestown. NY 14701 
(716) 664-6345 
Open 8:00 AM till 5:30 PM 
Evenings. Saturday and Sunday by appoint- 
ment. Western New York's finest Amateur 
dealer. Featuring ICOM "The World System.'' 

OHIO 
AMATEUR ELECTRONIC SUPPLY 
28940 Eucl~d Avenue 
W~ckcliffe. OH 44092 (Cleveland Area) 
(216) 585-7388 
Ohlo Wats: 1 (800) 362-0290 
Outs~de Ohlo: 1 (800) 321-3594 
Hours Mom-Fri. 9-5.30. Sat. 9-3 

DEBCO ELECTRONICS, INC. 
3931 Edwards Road 
Cincinnat~, OHlO 45209 
(513) 531-4499 
 on.-Sat. IoAM-9PM. Sun.12Noon-6PM 
We buy and sell all types of electron~c parts. 

Introductory Price 1 $39.95 Plus $4 Shipping - 
I 1 

UNIVERSAL AMATEUR RADIO. INC. 
1280 Aida Dr~ve 
Reynoldsburg (Columbus). OH 

43068 
(614) 866-4267 
Featur~ng Kenwood. Yaesu. Icom, 
and Other fine gear Factory author- 
ized sales and service. Shortwave 
spec~al~sts. Near 1-270 and atrport. 

PENNSYLVANIA 
HAMTRONICS, 
Div. of Trevose Electronics 
4033 BrOwnsvllle 
Trevose, PA 19047 
(215) 357-1400 
Same Locat~on for over 30 Years 

TEXAS 

K COMM dba THE HAM STORE 
5707A Mobud 
San Antonlo, TX 78238 
(512) 680-6110 
(800) 344-3144 
Stock~ng all major I~nes. San Antonio's Ham 
Store. Great Prices - Great Serv~ce. Factory 
authorized sales and servlce. 
Hours: Mon.-Fri. 10-6: Sat. 9-3 

Authorized 
T~"T=C K4BWC 
Dealer 

ELECTRONICS 
4209 Live Oak Road 
Raleigh, NC 27604 

919-832-1025 

ator Modulator 75 Page Manual 
Tutorial Cassette 
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(continued from page 77) 

Model SVB-16 
The SVB 16 features 16 soft-sectored message 

cells and can store up to 100 seconds of dtgltal 
volce aud~o The unlt has a 4O.kHz dlglt~zlng rate 
combtned w~th 14 poles of audto fllterlng A CW 
memory keyer opt~on IS avallable Thls opt~on 
glves you a comblnatton 16-message volcelCW 
memory keyer Each has separate soft-sector 
dtgltal memor~es and automatlc sertal number 
lnsert~on CW messages are stored In a nonvola- 
tile EEPROM. and volce messages are retalned 
by an opt~onal battery when power IS dlscon- 
iiected If you have a personal computer, you 
can store and retrelve votce and CW memory 
templates on your PC's hard dlsk vla a h~gh 
speed ser~al port 

continuous ratlng of 1500 wansCW In the prlmary 
llne The coupler IS useful for power measure- 
ment, frequency measurement, automatlc level 
control, automatlc frequency control. VSWR 
rneasurernent, attenuat~on rneasurernent, and 
s~gnal observat~on 

W~th a nom~nal coupllng flatness of + 0 25 
dB over the enttre frequency range (typically * 
0 1 dB), the 4266 prov~des a s~gnal sample of 
forward andlor reflected power decoupled by 30 
dB from the malnllne It has 0 I-dB lnsertton loss 
and VSWR below 1 05 The 4266 allows reversed 
lnput and output and prov~des s~multaneous 
avallablltty of forward and reflected slgnal Sam. 
ples from the secondary llne For complete 
detalls, contact Btrd Electronic Corporation. 
30303 Aurora Road. Solon. Ohio 44139. Phone: 
(216)248-1200 

Circle 1306 on Reader Service Card. 

IC-4KL Solid State Linear 
Amplifier 

ICOM s new IC-4KL llnear ampllfler IS now 
avallable The 1000-watt full funct~on IC-4KL 

The IC-RP151O features: 
25 watts output power 
Broad band frequency coverage 
DTMF remote control 
Dip swltch selectable squelch 
Bu~lt-~n external battery connection 
Extensive RF shielding 

The IC-RP1510 repeater has an adjustable 
l ~ m e  out t~mer, a programmable calls~gn Identi- 
fier, and a bu~lt-in speaker and microphone con- 
necter. The suggested retail price IS $1,849. 

For details contact ICOM America. Inc.. PO 
Box C-90029.2380 116th Avenue NE. Bellevue, 
Washlngton 98009-9029. Telephone (206)454- 
8155, FAX (206)454.1509. 

Circle 1308 on Reader Service Card. 

Theory Tutor for 
IBM Compatibles 

MFJ's new Theory Tutor for IBM compatibles 
helps you study for the theory portton of any FCC 
llcenseexam Study the entlre FCC quesllon pool. 
concentrate on selected areas, or try taklng Sam. 
ple tests Each study sesslon IS saved automat- 

features 
For more lnforrnatton on any of these untts tcally, and you can return to a prevlous sesslon 

1000 watts output at full duty cycle 
contact ORZ lndustrles PO Box 160. Pledmont 

Separate controller and ampllfler 
at any tlme Prlnt out tests on any Epson or IBM 
compat~ble prlnter The program Includes South 29673 Phone (803)269-0000 Fully automatlc high speed antenna lUner graphics with appropriate qustlons, a complete 

Circle 1305 on Reader Service Card. Full break ~n operat~on scorlna analvs~s, color chanae o~ttons, an on- - ,  - 
Complete c~rcu~t  protect~on llne calculator, explana't~ons of hard quest~ons. 

Addtt~onal features Include built-In 40-voll60-A and more 

Unique, High Power 
Bidirectional Coupler 
Available from Bird 

B~rd Eleclron~cs Corpor;~ttori offers the Model 
4266 h~gh power, b~dlrect~onal coupler w~th a 

power supply wtth automatlc select~on for use 
wlth 100 to 120 volt AC or 220 to 240 volt AC 
power, two needle meters that reglster SWR, a 
ftnal tranststor current, output power, and flnal 
transistor temperature Also tncluded are rack 
mountlng handles for mountlng w~th a l9.1nch 
rack The IC-4KL connects qulckly to any ICOM 
transcelverl The suggested retall prlce of the 
IC-4KL IS $6995 

For lnforrnatton contact ICOM Amerlca Inc. 
PO Box C-90029. 2380 116th Avenue NE. 
Bellevue. Washlngton 98009-9029 Telephone 
(206)454-8155 or FAX (206)454-1509 

Circle 1307 on Reader Service Card. 

ICOM IC-RP1510 
144-MHz Repeater 

ICOM t~as ~t~troduced the UC-RP1510 
repeater with local or remote control, autornatlc 
battery reverttnq, and extensive RF sh~eldlng 

The MFJ Theory Tutor IS avallable for each 
' Ilcense class Ask for model numbers MFJ-1610- 
Novlce MFJ-1611Techn1c1an MFJ-1612-General. 
MFJ.1613-Advanced or MFJ-1614-Extra at 
$2995 each For more lnformatlon contact MFJ 
Enterprises. Inc PO Box 494 M~sslsstpp~ State. 
MISSISSIPPI 39762 or call (601)323-5869 FAX 
(601)323-5869 

Circle 1309 on Reader Service Card. 
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Factory Author~zed Dealer & Sewlce For : 
KENWOOD I w 

YAESU I 
I 

I 

ICOM 
I 

I I 
I I 
I 
I 
- I 

I 
I Call Us For I 
I I 
I Gmat Prlces & Great Sewlce ; 
I I 
I TOLL CREE ORDER LIME t600-344-3144 1 
I Coot.nenr4 u -. L T . . A ~  I 

i .i-aiiE~rn <gGyij-lt i 
I p I 
I I . . . . .  . . . .  I ')I.,.. . , A  . . \ r  

1 1 1  . . .  1.1 ", . I 
I I 
I I 
Lmmmmmmmrmmmmmmmmmmmmmmmmmmm1 

Fnq. 1 dB 
Rmlva  Range N.F. Galn Comp. Dwln 
Onlv (MHz) (dB) (dB) (dBm) TYPO Prlm 

SIGNAL-TO-NOISE 
Voting Comparator 

- -- 
rJI, 

A?>- *. 
Improve  coverage  by adding receivers 

Expandable l o  32 Channels 
Conl~nuous Vottng 
19" Rack Mountable 
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Tom McMullen, W1SL 

ELEMENTARY 
ELECTRONICS: 
CAPACl TORS 
In previous columns I've discussed 
magnetic fields and resistance. This 
month I'd like to explore another 
important element in electronics - 
capacitors and how they work. 

In simple terms, a capacitor is an 
energy storage device; it stores elec- 
trons. The number of electrons a 
capacitor can store, and how long they 
remain stored, depends on such 
things as the size of the electrodes 
(more surface area allows more elec- 
trons to be stored) and the type of die- 
lectric (material between the elec- 
trodes) used. For long term storage, 
the dielectric must not act like a resis- 
tor. This means it can't let the electrons 
"leak" from one plate to the other. 

What's in a capacitor? 
There are several ways to make a 

capacitor. If you've ever looked through 
one of the "grab bag" assortments at 
a supply house or hamfest flea market, 
you know that capacitors come in a 
variety of shapes and sizes. A very 
basic capacitor is simply two metal 
plates or disks parallel to each other, 
with air between (see Figure 1). In this 
type of capacitor either plate can be 
of either polarity (+ or -), and the air 
between is calW4he dielectric. The 
dielectric material between the plates 
acts as insulation to keep the plates 
apart and concentrates the electro- 
static lines of force between them. The 
standard dielectric constant for air is 
approximately 1.006 (vacuum is rated 
at 1.0). Other materials have higher 
numbers. This means that if you have 
a pair of plates with air between and 
a capacitance of 100 pF, and you 
replace the air with some material that 
has a dielectric constant of 2.0, you 
end up with a capacitance of approxi- 
mately 200 pF for the same size. The 
capacitance is directly proportional to 

the area of the plates and the dielec- 
tric constant of the material between 
them. It increases when you decrease 
the spacing between the electrodes or 
plates. Paper, glass, ceramic, and 
many plastics are types of dielectric 
materials used in capacitors. Each 
material has characteristics making it 
desirable for one use or another. 
Table 1 gives the constants of some of 
the most common materials. 

Some capacitors, called electro- 
lytic~, have a paper or plastic material 
between the electrodes that is impreg- 
nated with a chemical which increases 
the dielectric constant to many times 
that of air. This allows a much greater 

"storage capacity" than is found in a 
capacitor of the same size using plain 
paper, glass, ceramic, or air dielectric. 
Such units are usually polarized, and 
any voltage applied must be of the cor- 
rect polarity to prevent damage to the 
capacitor or power supply. If the 
applied voltage has the wrong polar- 
ity, the dielectric will usually overheat 
and short circuit. When too much volt- 
age or reverse voltage was applied to 
the older "wet" electrolytic capacitors, 
they would "cook" and release a jet of 
steam with a startling bang. Modern 
electrolytic capacitors use a dry elec- 
trolytic which usually isn't prone to this 
type of destruction, but simply 
becomes a short circuit. 

What's a pF? 
The basic unit of capacitance is a 

farad, named after physicist Michael 

Dielectric constants for some common - -a-- :- ,- I 
AIR METAL 
OR OTHER PLATE 
DIELECTRIC - 

METAL 
PLATE 

A simple representation of a capacitor - 
two metal plates with air or some other insu- 
lation (dielectric) between them. 

Vacuum 
Air (dry) 
Rubber 

I Paper 
Ceramic 
Glass 

1 Mica 
Water (pure) 
Bar~um T~tanate 

1.000 
1.006 
2 or greater 
2 or greater 
3 to 7 
4 to 8 
6 or 7 
80 
7,000 or higher 

CH4RGlNG DISCHARGING 
CURRENT FLOW CURRENT FLOW 

BATTERY 
OR - -,CAPACITOR 

SUPPLY T- T 

When a capacitor is connected to a power source, electrons flow from one plate into the 
other, causing an instantaneous charging current (A). When the capacitor discharges 
through an external circuit, the current flow reverses (B). 
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Faraday. A farad is a very large unit. 
The "official" description says that a 
capacitor "has a capacitance of 1 
farad when a change of 1 volt per sec- 
ond across the unit produces a current 
of 1 ampere through it." Another defi- 
nition says that a 1-F capacitor can 
store a difference of 1 coulomb (6.25 
x 1018 electrons) between the plates. 
These definitions tell us something 
about "changing" voltages and cur- 
rent, but what does this mean in 
practical terms? In the days before 
modern materials were developed for 
miniaturization, the saying was that a 
1-F capacitor (they were cometimes 
called "condensers") would be about 
the size of a one-car garage. More 
recently, someone estimated that a 
medium-sized 12-volt automotive bat- 
tery had the approximate storage 
capacity of a 1-F capacitor. A farad is 
also far larger than anything we work 
with in electronics, so rather than write 
out all the decimal fractions of a farad 
for our circuits and calculations, we use 
abbreviations. One common unit is a 
microfarad, abbreviated pF. Another is 
a picofarad, or pF. There is also a 
nanofarad, nF, which is not widely 
used in the United States. 

Here's what those abbreviations 
mean in decimal terms: 

1 f i  = 0.000,001 farad 
1 nF = 0.000,000,001 farad 
1 pF = 0.000,000,000,001 farad 
You can see why the abbreviations 

are so helpful! As a general rule, the 
larger units - like 1 pF to several hun- 
dred pF - are used to filter out noise, 
hum, or ripple in power supply circuits 
and to pass lower audio frequencies 
from one stage to another. The smaller 
values, from 1 pF to .O1 $, are often 
used in tuned circuits or in critical 
coupling between radio frequency 
circuits. 

How capacitors work 
As I noted before, a capacitor is a 

device that stores electrons. When two 
electrodes separated by a dielectric 
are connected to a source of power, 
there's an immediate rush of free elec- 
trons from the power supply to the 
plates (see Figure 2A). This is where 
the "current flow" part of the definition 
comes into play. Because the electrons 
are flowing from the supply to one 
plate, and from the other plate to the 
supply, current appears to flow through 
the capacitor. Because of the dielec- 
tric, the electrons can't cross from one 

plate to the other. Instead, they build 
up on one plate, creating a surplus of 
electrons like that found on the termi- 
nal of the battery. The other plate, 
which is connected to the battery ter- 
minal that has a deficiency of electrons, 
takes on the same characteristic as 
that terminal. It too has a deficiency. 
When a circuit is completed between 
the plates, the electrons try to get to the 
other side, causing a brief current flow 
out of the (+) plate to the (-) one. 
Interestingly enough, the positive (+) 
terminal is the one that has a defi- 
ciency of electrons while the negative 
(-) terminal has a surplus of electrons. 
However, we still say that current flows 
from positive to negative - even 
though electrons are going the other 
way. (Old habits are hard to break.) 

This means you have two plates with 
electrons trying to get across the gap, 
and in this condition the capacitor IS 
said to be "charged." If the dielectric 
is of good quality (dry air, for example), 
the charge will remain for a long time 
- minutes, or even hours - after the 
power supply is disconnected. How- 
ever, many dielectric materials aren't 
that good; the charge leaks off in a few 
minutes through the resistance caused 
by moisture and poor insulation used 
in manufacturing the capacitor. 

Taking advantage 
of the rush 

The tendency of electrons to rush 
from one plate to the other is put to 
good use in tuned circuits. When a 
capacitor is connected across an 
inductor, as in Figure 3, something 
interesting takes place. For purposes 
of this discussion, imagine that one 
plate of the capacitor has been given 
a charge from a power supply. The 

I 'MAGNETIC 

1 

I 1 

Current flow is impeded by a coil (induc- 
tance) and its magnetic field. The interac- 
tion between the coil and capacitor creates 
a resonant circuit - a vital part of all radio 
circuits. 

supply is then disconnected and the 
inductor is connected across the 
capacitor. The extra electrons on one 
plate try to rush to the other side 
through the wire in the coil. But as I 
mentioned in an earlier column about 
magnetic fields, a field is created 
whenever current flows in a wire, and 
if the wire is wound into a coil the field 
is more intense. In addition, the field 
from the first turn in the coil cuts across 
the second turn, and the field from the 
second turn cuts across the third turn, 
and so on. It so happens that when the 
magnetic field cuts across the second 
turn, it generates a small current flow 
opposite in direction to the current flow 
in the first turn. This opposes the cur- 
rent flow from the capacitor and 
increases the time required for the 
capacitor to discharge. The capacitor 
eventually wins out and the electrons 
do get to the other plate, but not as 
quickly as they would through a short 
circuit. When the electrons stop mov- 
ing, the magnetic field around the coil 
collapses, releasing the stored energy 
back into the capacitor. As a result, 
plate two now has too many electrons. 
This starts a rush to get to the other 
side again, and the inductor tries to 
slow things down as before. This proc- 
ess continues until the resistance of the 
wire and the energy in the magnetic 
field have depleted the charge of elec- 
trons. 

The amount of time that the elec- 
trons require to move from one plate 
to the other is an indication of the 
resonant frequency of the circuit. For 
instance, if the size of the capacitor 
(number of electrons stored) and the 
effect of the inductor (intensity of the 
magnetic field) allow the electrons to 
complete their journey 1,000,000 times 
in one second, it is resonant at one mil- 
lion cycles per second. Older hands 
will remember this as 1 megacycle 
(1,000,000 cps), but modern terminol- 
ogy uses hertz as a term meaning 
"cycles per second," so this circuit is 
resonant at 1 megahertz, or 1 MHz. 

Obviously, changing the size of the 
capacitor (number of electrons it can 
store) or the inductor (larger or smaller 
magnetic field) will change the cycle 
time of the circuit, thus changing the 
resonant frequency. 

Uses for the 
larger capacitors 

Large value capacitors, especially 
those of one to several thousand pF, 
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noise'and provide the smooth DC 
required for almost all circuits. The 
output from the rectifier diode in a sim- 
ple power supply (point A in Figure 4) 
is simply half of a sine wave. But it's not 
really useful in that form. An audio 
amplifier with this type of power 
applied would have a loud hum. Here's 
where the capacitor comes to the res- 
cue. In the period when this pulsating 
voltage is present at the output of the 
rectifier, the capacitor is storing some 
of the energy. When the voltage drops 
to zero between diode conduction 
cycles, the capacitor releases that 
stored energy to the output and what- 
ever is hooked to it. The result is a 
somewhat smoother output, as at point 
B in Figure 4. The larger the capaci- 
tor, the more energy it stores and 
releases, and the smoother the output 
becomes. It usually requires a very 
large value to smooth the DC output 
completely, so some power supplies 
use two capacitors in a dual section fil- 
ter (see Figure 5A). In this case, the first 
capacitor does a fair job of smoothing 
out the "ripples." The current then flows 
through the resistor to the second 
capacitor, further smoothing the DC 

TRANSFORMER Y'L 
Capacitors also smooth out the rectified AC from a diode in a power supply, making it useful 
to power other circuitry. 

L - - 
0 3 

C2 OUTPUT 

Adding a second capacitor and a resistor to the power supply output further smooths the 
DC output (A). Placing an iron core inductance (filter choke) in the circult helps smooth 
the DC output and allows smaller value capacitors to be used (8). 

inductance called a "choke" (see Fig- 
ure 58). This choke helps by storing 
and releasing energy in its electromag- 
netic field. (You haven't heard the last 
of this magnetic field business. Just 
wait until I explore how alternating cur- 
rent, or AC, behaves in various circuits 
in a future issue!) 

High voltage supplies, like those 
required by vacuum tube amplifiers, 
often use a capacitor-choke-capacitor 
filter to keep the physical size of the 
required capacitor to a minimum. A 
500-jtF capacitor that works at 15 volts 
is often only an inch or so long and a 
half inch or less in diameter. The same 
capacitance that would work at 1000 
volts or so would be several inches tall 
and probably several inches wide. 
What is a 
"coupling" capacitor? 

Capacitive coupling between two transistor amplifiers. A replica of the audio signal at Ql 
is impressed on the bias voltage of Q2 while keeping the two DC voltages separated. 

the circuit is "capacitance coupled" As the electrons increase on one plate, 
(see Figure 6). the electrons on the other plate flow 

When a voltage change appears on back to the power supply through the 
one plate, an equal and opposite ground or chassis return. This causes 
change appears on the opposite plate. an inverted replica of the signal to 
That describes capacitive coupling. appear on the base of Q2. The signals 
Let's follow what h a ~ ~ e n s  in Figure 6 aren't exact opposites of each other 

A "coupling" capacitor is obviously when a signal (audio sine wave) because there's a slight lag, called 
used to couple something. If a trans- appears at the collector of the first tran- phase shift, through a capacitor. For 
former is used between the first ampli- sistor (Q1). As the voltage starts to go purposes of discussion, we'll ignore 
fier and the second one in a simple positive on the collector, the same thing this lag. 
audio circuit, it is said to be "trans- is happening on one plate of C1 (the When the voltage on C1 (Q1 collec- 
former coupled." If a capacitor is used, capacitor in the center of the drawing). tor) passes its peak, drops to zero, and 

92 Ham Radio /February  1990 



starts going in the opposite direction 
(negative), the voltage on the base of 
Q2 follows - producing a replica of 
the signal on the base of Q2. The tran- 
sistor then amplifies the signal, and so 
on. There's an important secondary 
capacitor function here which you 
must not overlook. The DC operating 
voltage on the collector of Q1 is 
prevented from getting to the base of 
Q2. This is vital because Q2 needs 
only a small fraction of a volt on its 
base to work properly; too much volt- 
age here would destroy the transistor. 
Because the capacitor passes the 
changes in voltage along, but not the 
steady state DC voltage, the DC bias 
on the base stays where it belongs and 
all is well. Thus, you can say that the 
signal is "coupled" from the first stage 
(Q1) to the second stage ((22) by the 
coupling capacitor (C1). This principle 
works in the same way for audio, IF, 
and RF signals. The major difference 
is that C1 must be larger for audio (typi- 
cally 0.05 to 5 pF) and smaller for RF 
(2 pF or less to perhaps 500 pF), 
depending upon the frequency being 
coupled. The capacitance required is 
related to the reactance and imped- 
ance in an AC circuit. (I'll discuss this 
in an upcoming column on alternating 
current.) 

Series and 
parallel capacitors 

Just as you can use resistors con- 
nected in series or parallel to obtain a 
needed value, you can work with capa- 
citors. However, there is a slight differ- 
ence. The formulas for capacitance are 
reversed from those for resistors. 
Capacitance values in series produce 
smaller values; those in parallel pro- 
duce larger values. Figure 7 gives 
some examples. 

The formula for series capacitors is: 

C(total) = l/((l/Cl)+(l/C2)+(1/C3)), 
and so on. Here's a tip. In a series 
hookup, the total capacitance will 
always be smaller than the value of the 
smallest capacitor. Use the formula to 
calculate how much. 

For parallel capacitors, the formula 
involves straight addition: 

C(tota1) = C1 + C2 + C3, and 
SO on. 

The experiment 
Here's a simple experiment you can 

perform to see how a difference in 

Capacitors can be hooked in series or parallt 
formulas used. 

100 OHMS U/JI 
n 
LED 

FT 100 OHMS 

( 8 )  

Note the time required to charge the capa- 
citor through the resistor and LED at A, then 
reverse the diode and note the discharge 
time. You can try different values of 
capacitance to see how the time varies for 
charging and discharging. 

capacitance value changes the 
amount of energy needed to charge 
a capacitor, and how long it will take 
to release that energy to an external 
circuit. The hookup is shown in Fig- 
ure 8. It uses an LED, a resistor (to limit 
current through the LED to a safe 
value), and a 9-volt battery. Try some 
different capacitor values; many grab 
bags will contain several. Start with a 
large one - say 400 to 500 pF rated 
at 15 or 20 volts. 

First connect the battery, resistor, 
and LED together and touch one leg 
of the LED to the opposite side of the 
battery. If it lights, you're all set; if it 
doesn't, reverse the LED wires and try 
again. After you've proved that the 
hookup works, connect the negative 
(-) lead of the capacitor to the nega- 
tive side of the battery, and connect the 
resistor and LED between the battery 

?I  to obtain unusual values. See text for the 

arid the positive (+) lead of the capac- 
itor as shown in Figure 8A. It should 
glow for 2 or 3 seconds, then gradu- 
ally fade out. The capacitor is now 
charged - it won't accept any more 
electrons. Now, disconnect the battery, 
reverse the LED wires, and connect 
the resistor/LED combination across 
the capacitor while watching closely 
(Figure 88). The LED will glow briefly 
a:; the energy stored in the capacitor 
flows through the LED and resistor until 
the charge is dissipated. 

Do the same experiment with 
stnaller values. Try a 5 or 10- PF value 
and note the difference in time. Con- 
nect several large ones in parallel and 
see how long they take to charge and 
discharge. To test the quality of the die- 
lectric and insulation, charge a capac- 
itor up and then wait several minutes 
before connecting the LED. If the 
capacitor makes the diode blink after 
5 minutes, see if it still works after 10 
or more minutes. Some capacitors 
have a very high quality dielectric and 
will store a charge for an hour or 
longer; others last only a couple of 
minutes. 

What does the voltage 
rating mean? 

You'll note that electrolytic capacitors 
have a voltage listed along with the 
capacitance. Unless otherwise stated, 
this is the maximum working DC volt- 
age for which that type of capacitor is 
designed. You'll see many electrolytic 
capacitors for trans~stor~zed circuits 
rated for 6, 12, 15, 20, or 35 volts. You 
can always use less than the rated volt- 
age without a problem. It's bad prac- 
tice to use a capacitor right at its rated 
voltage because a voltage surge will 
short the unit sooner or later. It's a 
definite "no no" to use a voltage higher 
than the rating. 

Nonelectrolytic capacitors, like disk 
ceramic, dipped mica, or molded 
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NON-POLARIZED POLARIZED VARIABLE VARIABLE SPLIT-STATOR 
(ELECTROLYTIC) I O L D )  INEWI  DUAL VARIABLE 

Schematic symbols for various types of capacitors. 

paper have voltage ratings too. These 
units differ from electrolytic capacitors 
in that they can be reversed in the cir- 
cuit; that is, they are not polarized. 

Many nonpolarized capacitors have 
a black band around one end of the 
body, or have one end that is entirely 
darkened or colored to differentiate it 
from the other. This was called the "out- 
side foil" in older molded paper capa- 
citors. These capacitors were made by 
rolling up two strips of aluminum foil 
with a thin sheet of paper (often waxed 
paper) between. One foil was con- 
nected to one lead; the other was con- 
nected to the opposite lead. The layer 
of foil that ended up on the outside of 
the roll was designated as the layer to 
tie to ground because it helped shield 

the circuit from unwanted signal or 
noise pickup. If the circuit didn't go to 
ground, the outside foil was connected 
to the lower impedance or lower volt- 
age part of the circuit. In modern cir- 
cuits, even though most capacitors 
aren't made of rolled foil, there are still 
reasons to follow convention and 
designate one side as the "ground" or 
low impedance connection. In 
schematic diagrams, you'll notice that 
a capacitor symbol has one straight 
bar and one curved bar (see Figure 
9). The curved bar is the outside foil 
side in nonelectrolytic capacitors and 
the negative side in electrolytic ones. 
Electrolytic units are further identified 
by a plus (+) sign near the straight bar 
in a diagram.m 

WEATHER SOFTWARE 
ACCU-WEATHER FORECASTER is a menu driven program that allows 

the user to tap into ACCU-WEATHER'S extensive computerized database. 
In addition to Accu-Weather's forecasts, you can get hourly updates from 

National Weather Service Offices nationwide. 
Maps, graphs, pictures, charts, and narrative descriptions are just part of what can 
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first exactly what information you want. Then call ACCU-WEATHER; 

the computer will download the files you want and save them to disk. Information can 
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Several different services are available from ACCU-WEATHER. Price varies with the 
service and time of day that the computer is accessed. 

MC-IBM S89.95 
MC-MAC $89.95 

Please add $3.75 for shipp~ng and handling. 
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By Garth Stonehocker; K0RYW 

Last month I presented beacon fun- 
damentals, including beacon criteria 
and the frequency ranges of estab- 
lished beacons. As I mentioned, there 
are other radio stations that meet 
enough of the criteria to be useful as 
beacons. Among the stations that 
qualify are those owned andlor oper- 
ated by Amateurs, broadcasters, 
researchers, and governments. Two 
examples of such stations are the 
Amateur network, PROPNET, on 14.1 
MHz from worldwide locations and the 
standard frequency and time radio sta- 
tions (also worldwide), mainly on 5, 10, 
and 15 MHz. There are also several 
useful stations on other frequencies. 
The best beacons would be from con- 
tinuously on-the-air radio stations, 
identifiable not only by frequency but 
by voice or CW modulation, transmitting 
on several frequencies spaced across 
the HF frequency range (perhaps into 
the MF and low VHF ranges) and, of 
course, at locations known worldwide. 
Other information about the station like 
power and antenna (type and beam 
direction) would also be a plus. 

Here's a method that will let you 
receive and use the ultimate beacon 
station, or those of lesser attributes. 
Radio Shackcarries a crystal-controlled 
receiver for 5, 10, and 15 MHz plus 
VHF for NOAA weather; the price is 
$39.95. It doesn't have an RF input 
stage, so it's limited in sensitivity. 
Marrying it with an active antenna fixes 
the sensitivity problem and provides 
an omnidirectional indoor antenna to 
boot, or a connection for an external 
antenna if necessary. One such active 
antenna, the MFJ-1020A, is available 
from MFJ Enterprises, Box 494, Missis- 
sippi State, Mississippi 39762 for 
$79.95. Similar active antenna units 
have been featured in Amateur Radio 
magazines as homebrew weekend 
pr0jects.1~2 Because no metering is 
involved, this unit is only used for 
listening. 

A high-tech beacon receiving setup 
can use a programmable receiver like 
the Kenwood R-5000, then do an analog 
to digital (AID) conversion of its auto- 

matic gain control voltage with an AID 
board in the controlling microcomputerl 
PC. Software in the PC can execute 
control of the R-5000 at selected fre- 
quencies and times, control interrupts 
for the AID functions, and manage the 
digital AID data in storage and graphs. 
The graph would show the stored data 
and the latest values for a running plot 
of signal strengths at the monitored fre- 
quencies versus time. An automated 
system like this leaves you with little to 
do but view the graph for the beacon 
information you need. 

There are, of course, all sorts of inter- 
mediate receiving setups for single or 
multiple frequenc~es. A hands-on 
application of a general coverage 
receiver (digital frequency dial and 
good image rejection would be advan- 
tages) using its S-meter for signal 
strength data values is one com- 
promise. Another way to create a sin- 
gle frequency dedicated beacon 
receiver is by homebrewing. You can 
make an HF receiverlconverter using 
a $3 pc board without the loopstick 
from a transistor AM radio with a three- 
transistor RF-mixer crystal oscillator. 
The converter circuit has been pub- 
lised in Amateur magazines and the 
ARRL Handbook. Receiving beacon 
signals for propagation information 
can be an interesting part of DXing. 
Why don't you give it a t r p  

Last-minute forecast 
The first two weeks of February are 

expected to have lower solar flux levels 
so the ionospheric MUF may be down, 
favoring the lower frequency bands. 
Signal strengths should be high and 
distortion from multipath lower. Thun- 
derstorm noise is almost nonexistent 
and geomagnetic disturbances should 
be limited to the third and fourth weeks, 
possibly around the 16th and 23rd. 
These weeks are expected to exhibit 
higher solar flux levels, causing 

absorption and MUFs favoring the 
higher frequency bands with longer 
openings. No significant meteor 
showers are scheduled to appear in 
February. A full moon will occur on the 
10th; perigee will be on the 7th. 

Band-by-band summary 
Ten and 12 meters, the highest day- 

only DX bands, are nearest (although 
somewhat below) the MUFon Southern 
Hemisphere paths. They'll be open 
most days when the solar flux is above 
200 during the 10 to 14-hour period 
centered on local noon. These bands 
open on paths toward the east and 
close toward the west. The paths are 
up to 4000 km (2400 miles) in single 
hop length and, on occasion, double 
that during evening transequatorial 
openings. 

Fifteen meters, a day-only DX band 
open most of each day, has lower sig- 
nal strengths and greater multipath 
variability than 10 and 12 meters. It will 
be best when the MUF is just resting 
above this band and will remain so 
until it drops below the band -a transi- 
tion period that occurs right after sunrise 
and just before sunset. Transequatorial 
openings will occur, with distances 
similar to 10 and 12 meters. 

Seventeen, 20, and 30 meters are 
both day and nighttime DX bands. 
Seventeen is the maximum usable 
band for DX in the northern directions 
during daytime. In combination with 
20130 meters, it provides nighttime 
paths for the day-only bands. Thirty 
meters becomes the main over-the- 
pole daytime band, with some hours 
covered by 17 and 15 meters. This 
path may be affected by anomalous 
absorption on a few days of the month. 

Forty, 80, and 160 meters, the night- 
only DX bands, exhibit shortskip during 
daylight hours during the lowest solar 
flux, then lengthen at dusk. They are 
always far below the MUFs, except 
during disturbances on northern and 
east-west paths. These bands follow 
the darkness path, opening to the east 
just before local sunset, swinging more 
to the north-south near midnight, and 
ending up in the Pacific areas for a few 
hours before dawn. Q 
REFERENCES 

1. RW. Burhans. "Act~ve Antenna Preampltf~ers:' Ham Radro. 
May 1986, page 47 
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DEPENDABLE SERVICE b n 
AT THE RIGHT PRICE..  . EVERYTIME 

Mastercard-VISA-Discover i 

FT-1000  
THEBESTOF THE BEST 

200 Watts Output 
All Amateur Bands 
Dual Receive 
DDS-Direct Digital Synthesis 

TS-950SD 
TRANSMITTHE ULTIMATE SIGNAL 

Digital Signal Processing 
Dual Frequency Receive 
Digital AF Filter 100 Memor~es 

CALL FOR DETAILS AND 
ORDER TODAY! 

1c-765 NEW H i  TRANSCEIVER ( 45W on 2M135W on 70cm 
Receive on both 
Bands at Same Time 
Extended Receiver Range 
More Features for the Money 
Than Anyone Else 

CALL TODAY! 

Built In Autornat~c Antenna 
Tuner and Power Supply 
99 Memor~es 100 W Output 
160-10MIGeneral Coverage 

Band Stacklng Reg~sters CALL FOR ALL THE DETAILS! 

IC -725  ( (COM NEW ULTRA COMPACT 
HF TRANSCr"'C4 I 

FT-736R VHF-UHF BASE STATION 

SSB, CW. FM on 2 Meters 
and 70 cm 

TS.14OS AFFORDABLE DX-1ng1 Optional 50 MHz, 220 MHz or 

AL-80A A M P L I F I E R  
Full Kilowatt Output 
160-15 Meters 
3-500 Z Tube for Maximum Life 
Precise and Easy Tuning 
Step-Start Inrush ProtectionTM 

USBILSBICW AM R e c e ~ v e  
Opt~onal Module for AM 
Transm~t and FM TXlRX 
160-l0M Operation 100 W Output 
Recelve 30 kHz lo 33 MHz 
26 Memorles wlth Band 

. HF Transceiver Wlth 1 2GHz 
General Coverage Rece~ver 25 Watts Output on  2 Meters. 
All HF Amateur Bands 220 and 70 cm 
100 W Output 10 Watts Output on 6 Meters 

and I 2GHz 100 Memor~es I SPECIAL SALE! I 

KENWOOD I /  Y Z  1 
KENWOOD 
SPECIALS c 

TS-440, Compact H F A 
TS.140, Affordable HF L 
TS-680, H F  Plus 6 Meter L 
TM.231,2 Meter Mobile 
TM-731, Dualband, FM N 
TM-701,25W, 2M1440 MHz 0 
TH-75,2M170cm HT W 

COMPACT DUAL BAND. FM 

140-150 MHz; 
440-450 MHz 
5W Output 
Crossband Full 
Duplex 
40 Double-Spaced 
Memories 
4 DTMF Code Memories 

COMPACT DUAL BAND 
FM HANDHELD 

(2M17OCM) 

21 Memories for Each Band 
Dual VFO's lor Each Band 
Up to 5 Watts Power 
Butlt.ln CTCSS 
Butlt.~n 10.Memory DTMF 
Autodialer 

CHECK OUT ALL THE FEATURES! 

LARGEST STOCK OF ALL 
YOUR MFJ FAVORITE 

ACCESSORIES 
CALL TODAY FOR 

HOT WINTER SPECIAL 

AMPLIFIERS 1 I BEST PRICE I I - MULTI-MODE TNC Htgh Ga~n.  Low N o ~ s e  
GaAsFET Pre-Amps 
High VSWR Protection 
Over Power Shutdown 
H ~ q h  Speed RF 

AMTOR, ASCII. Baudot. CW. 
FAX, NAVTEX. Packet . p ~ K ~ ~ l L ' ~ M a ~ l b o x  Wlth 
T h ~ r d  Party Trafflc 
Two Rad~o Ports 

THE ORIGINAL MULTI.MODE TNC 
91r. 

1 I HR-260070 Meter Mobile I 

Great Deals On Scanners Too! 
swltchlng Relays Multi-Mode Data Controller 
Made In USA I [ CALL FOR EXTRA SAVINGS 1 

m ., - --, 
- 

1 102 
Call For Best Trade-In 

n -6pm k 9am - 2pm Sat .  

In Missouri Call -816-741-81 18 
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You have counted on OPTOELECTRONICS And more and more of you are counting on 
Hand Held Frequency Counters to be the us, technicians, engineers, law enforcement 
best quality, to be affordable and reliable. officers, private investigators, two-way radio 
We have been there for you with Frequency operators, scanner hobbyists, and amateur 
Counters that are compact and ultra sensitive. radio operators, just to name a few. 

All counters have 8 digit red .28" LED displays. Aluminum cabinet is 3.9" H x 3.5" x 1 ". Internal Ni-Cad batteries 
provide 2-5 hour portable operation with continuous operation from AC line chargerlpower supply supplied. Model 
CCB uses a 9 volt alkaline battery. One year parts and labor guarantee. A full line of probes, antennas, and accessories 
is available. Orders to U.S. and Canada add 5% to total ($2 min, $10 rnax). Florida residents, add 6% sales tax. 
COD fee $3. Foreign orders add 150/0. MasterCard and VlSA accepted. 

Hand Held Series Frequency Counters and Instruments , 

Orders to U.S. and Canada add 5% to total ($2 min. $10 max). Florida residents, add 6% sales tax. COD fee $3. 
Foreign orders add 15%. MasterCard and VlSA accepted. - 

OPTOELECTRONICS INC. 
5821 N.E. 14th Avenue Fort Lauderdale, Florida 33334 

1-800-327-5912 FL (305) 771-2050 FAX (305) 771-2052 / I08 

CCB 
10 MHz 
1.8 GHz 
Security 

$99 

N A 
< 5 m v  
< 5 m v  
< 5 m v  
< 10 mv 

, < 30 mv 
ACCURACY ALL HAVE +I- 1 PPM TCXO TIME BASE. 

2400H 
10 MHz 
2.4 GHz 
Microwave 

$1 89 

N A 
< 3 mv 
< 3 mv 
< 5 mv 
< 7 m v  

, < 30 mv 

1300HlA 
1 MHz 
1.3 GHz 
RF 

$1 69 

N A 
< 1 mv 
< 5 m v  
< 20 mv 
< 1 0 0 m v  
N A 

MODEL 
RANGE: FROM 

TO 
APPLICATIONS 

PRICE 
SENSITIVITY 
1 KHz 
100 MHz 
450 MHz 
850 MHz 
1.3 GHz 
2.2 GHz 

CCA 
10 MHz 
550 MHz 
Security 

$299 

N A 
< .5 mv 
< 1 mv 
N A 
N A 

, NA 

221 0 
10 Hz 
2.2 GHz 
General Purpose 
Audio-Microwave 
$219 

< 5 mv 
< 3 mv 
< 3 mv 
< 3 m v  
< 7 m v  
< 30 mv 



instant playback of 16-second recci\'c memory. . - 
plus two 8-sccontl "CQ Contest" Iiicssages on 

Pcrfi>rniuncc. Yours :inti your raclio's. They go riancl t ransm~t .  
in hantl. To he a truly worlti-class competitor, :\uton~ntic !lntenna n ~ n e r  built-in with t'rist ac- 
vou'vc got to have ;I truly world-class rig. Antl it's tion ancl39 memories fhr quick hantl chi~ngcs. 
here. now. The vcrs;~tiIc new FT-1000 from Y:lcsu. 

Q R h I  Rc:icction Systcms. inclutling a variety of 
The FT-I000 will hlow away your competition with cascatlcd tiltcr selections. width control. IF shift, 
n spectacular cornhination of power ant1 operating IF notch filter. all-mode squclch. du:tl-motle noise 
llcxihility with such features and opt ions as: blanker and n CW audio peaking filter. 
1)irrrt 1)igit;ll S ~ n t h w i s  (1)I)S). two ten-hit :\tlditionnl Features: IOXdR dynamic range front 

DIIS plus three eight-bit DDS for t;~st lock-up time panel R X  antcnna selector- hililt-in electronic key( 
and lower synthcsizcr noise than other traditional rnotlule stcrco dual receive I1ywhct.l cft.ect o n  
PLL Aystcms. main nncl sub VFO ~ u n i n g  dinlc twin frerlucnc'y 

Iligli RF 1'ow.cr O r ~ t p u t .  co~itinuous atijustahlc displays CW spot. 
output from 1 0  ton full 100 watts. A product of'three years of intensive research :~ntl 

I)ual Krceivc utili/ing two tuning knohs li)r c.as!/ design. This HF rig will allow you to acliirvr a 
spotting: with optional HPF- I riioclule allows cross- position ofconilpctiticc dominance. 
hand dual rcccive. See the exciting newJ FT-1000 at !,our Yiicsu tlealer 

1)igitnl F'oice Storngr (1)\'S-2) option provitles . tod:~!,. It's thc best oftlie bcst. 

YAESU 
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